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EXECUTIVE  SUMMARY 


This  report  summarizes  the  field  activities  conducted  at  George  Air  Force  Base  (AFB)  for  a 
short-term  field  pilot  test  to  compare  vacuum-enhanced  free-product  recovery  (bioslurping)  to 
traditional  free-product  recovery  techniques  used  to  remove  light,  nonaqueous-phase  liquid  (LNAPL) 
from  subsurface  soils  and  aquifers.  The  field  testing  at  George  AFB  is  part  of  the  Bioslurper 
Initiative,  which  is  funded  and  managed  by  the  U.S.  Air  Force  Center  for  Environmental  Excellence 
(AFCEE)  Technology  Transfer  Division.  The  AFCEE  Bioslurper  initiative  is  a  multisite  program 
designed  to  evaluate  the  efficacy  of  the  bioslurping  technology  for  (1)  recovery  of  LNAPL  from 
groundwater  and  the  capillary  fringe,  and  (2)  enhancing  natural  in  situ  degradation  of  petroleum 
contaminants  in  the  vadose  zone  via  bioventing. 

The  main  objective  of  the  Bioslurper  Initiative  is  to  develop  procedures  for  evaluating  the 
potential  for  recovering  free-phase  LNAPL  present  at  petroleum-contaminated  sites.  The  overall 
study  is  designed  to  evaluate  bioslurping  and  identify  site  parameters  that  are  reliable  predictors  of 
bioslurping  performance.  To  measure  LNAPL  recovery  in  a  wide  variety  of  in  situ  conditions,  tests 
are  being  performed  at  many  sites.  The  test  at  George  is  one  of  more  than  40  similar  field  tests  to  be 
conducted  at  various  locations  throughout  the  United  States  and  its  possessions. 

The  intent  of  field  testing  is  to  collect  data  to  support  determination  of  the  predictability  of 
LNAPL  recovery  and  to  evaluate  the  applicability,  cost,  and  performance  of  the  bioslurping 
technology  for  removal  of  free  product  and  remediation  of  the  contaminated  area.  The  on-site  testing 
is  structured  to  allow  direct  comparison  of  the  LNAPL  recovery  achieved  by  bioslurping  with  the 
performance  of  more  conventional  LNAPL  recovery  technologies.  The  test  method  included  an  initial 
site  characterization  followed  by  LNAPL  recovery  testing.  The  three  LNAPL  recovery  technologies 
tested  at  George  AFB  were  skimmer  pumping  and  bioslurping.  Drawdown  pumping  was  not 
conducted  due  to  poor  recoveries  during  the  skimmer  and  bioslurper  pump  tests. 

Bioslurper  pilot  test  activities  were  conducted  at  two  monitoring  wells  at  OU-2:  (1)  monitoring 
well  MW-32,  and  (2)  monitoring  well  MW-5.  Site  characterization  activities  were  conducted  to 
evaluate  site  variables  that  could  affect  LNAPL  recovery  efficiency  and  to  determine  the  bioventing 
potential  of  the  site.  Testing  included  baildown  testing  to  evaluate  the  mobility  of  LNAPL,  soil  gas 
permeability  testing  to  determine  the  radius  of  influence,  and  in  situ  respiration  testing  to  evaluate  site 
microbial  activity.  No  soil  sampling  was  conducted  due  to  the  depth  of  contamination. 
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Following  the  site  characterization  activities,  the  pump  tests  were  conducted.  At  monitoring 
well  MW-32,  pilot  tests  for  skimmer  pumping  and  bioslurping  were  conducted.  The  LNAPL 
recovery  testing  was  conducted  in  the  following  sequence  at  monitoring  well  MW-32:  0.5  hr  in  the 
skimmer  configuration  and  a  total  of  32  hr  in  the  bioslurper  configuration.  There  was  a  12-hr  and 
periodic  0.5  hr  shutdown  periods  during  the  bioslurper  pump  test. 

After  the  drawdown  pump  test  at  MW-32,  LNAPL  recovery  testing  was  conducted  at 
monitoring  well  MW-5  for  approximately  91  hr  in  the  bioslurper  configuration. 

Measurements  of  extracted  soil  gas  composition,  LNAPL  thickness,  and  groundwater  level 
were  taken  throughout  the  testing.  The  volume  of  LNAPL  recovered  and  groundwater  extracted  were 
quantified  over  time. 

The  main  objective  of  the  field  pilot  test  at  OU-2,  George  AFB  was  to  determine  if  LNAPL 
recovery  is  feasible  and  to  select  the  most  effective  method  of  LNAPL  recovery.  Depths  to 
groundwater  at  George  AFB  typically  are  120  to  130  ft  bgl.  These  were  the  first  bioslurper  pump 
tests  conducted  at  this  depth. 

A  baildown  recovery  test  was  conducted  at  monitoring  well  MW-32.  Baildown  recovery  tests 
provide  a  qualitative  indication  of  the  presence  of  mobile,  free-phase  LNAPL  and  recovery  potential. 
The  initial  LNAPL  thickness  was  1.62  ft  and  after  approximately  24  hours  recovered  to  0.48  ft. 
Overall,  the  baildown  recovery  test  indicated  a  relatively  slow  rate  of  LNAPL  recovery  into  the  well. 
Also,  short-term  baildown  recovery  resulted  in  LNAPL  thicknesses  approximately  one-third  of  the 
initial  apparent  thickness.  Pilot  testing  was  initiated  on  monitoring  well  MW-32  to  determine  whether 
free  product  recovery  was  possible. 

Direct  pumping  tests  were  conducted  at  monitoring  wells  MW-32  and  MW-5.  Skimmer  pump 
testing  was  conducted  at  monitoring  well  MW-32  in  a  continuous  extraction  mode  for  0.5  hr.  No 
measurable  free-phase  LNAPL  was  recovered  during  this  time  period,  indicating  that  gravity-driven 
recovery  is  minimal.  LNAPL  recovery  was  not  possible  during  the  bioslurper  pump  test,  although  a 
sheen  of  fuel  was  observed  in  the  filter  box  by  the  end  of  the  study.  In  an  effort  to  recover  fuel,  a 
number  of  different  configurations  were  tested,  including  different  diameter  of  drop  tubes,  vacuum  on 
drop  tube,  and  vapor  flowrate.  Fuel  was  not  recovered  during  any  of  the  configurations;  however, 
significant  changes  in  groundwater  extraction  were  noted.  The  smaller  diameter  drop  tube  resulted  in 
decreased  groundwater  extraction.  The  most  significant  increase  in  water  extraction  was  observed  at 
higher  vapor  flowrates.  Groundwater  production  rates  during  bioslurping  were  significant,  indicating 
that  vacuum  enhanced  fluid  recovery  was  in  effect  during  the  bioslurper  test.  The  on-site  water 
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treatment  equipment,  consisting  of  a  filter  tank,  oil/water  separator,  and  clarification  tanks,  resulted  in 
water  effluent  that  is  considered  compatible  with  typical  sanitary  sewer  discharge  limits. 

In  an  effort  to  determine  if  the  results  at  monitoring  well  MW-32  were  representative  of  site 
conditions,  bioslurper  testing  was  conducted  at  monitoring  well  MW-5.  Significant  free-phase 
LNAPL  was  recovered  during  the  first  three  days  of  bioslurper  pumping  (9.8,  12,  and  11 
gallons/day,  respectively).  By  day  4,  the  free  product  recovery  rate  had  dropped  to  5.6  gallons/day, 
resulting  in  an  average  rate  of  9.7  gallons/day.  The  well  head  vacuum  on  monitoring  well  MW-5  (18 
inches  H20)  and  groundwater  production  rate  (1,360  gallons/day)  were  similar  to  those  observed  at 
monitoring  well  MW-32.  Results  at  these  two  monitoring  wells  appear  to  be  representative  of  the  site 
and  indicate  that  vacuum-enhanced  liquid  recovery  techniques  are  feasible.  Howeveir,  given  that 
monitoring  well  MW-5  is  approximately  0.5  mile  from  monitoring  well  MW-32,  it  is  apparent  that 
little  recoverable  free  product  is  present  in  the  vicinity  of  monitoring  well  MW-32. 

Bioslurping  also  promotes  mass  removal  in  the  form  of  in  situ  biodegradation  via  bioventing 
and  soil  gas  extraction.  Vapor  phase  mass  removal  is  the  result  of  soil  gas  extraction  as  well  as 
volatilization  that  occurs  during  the  movement  of  LNAPL  free  product  through  the  extraction 
network.  During  the  bioslurper  pump  test  at  monitoring  well  MW-32,  given  a  flowrate  of  3  cfm 
from  the  bioslurper  well  and  average  vapor  concentrations  of  106,000  ppmv  TPH  and  1,700  ppmv 
benzene,  emissions  rates  would  have  been  approximately  190  lb/day  of  TPH  and  1.5  lb/day  of 
benzene.  These  results  demonstrate  that  significant  hydrocarbon  removal  was  accomplished  during 
bioslurping,  although  little  free  product  was  recovered.  During  the  bioslurper  pump  test  at 
monitoring  well  MW-5,  given  a  flowrate  of  19.5  cfm  from  the  bioslurper  well  and  average  vapor 
concentrations  of  135,000  ppmv  TPH  and  4,450  ppmv  benzene  before  ICE  treatment,  emissions  rates 
would  have  been  approximately  1,400  lb/day  of  TPH  and  24  lb/day  of  benzene.  Thus,  initially,  mass 
removal  in  the  vapor  phase  is  significant.  However,  this  short-term  test  does  not  provide  a  good 
indication  as  to  whether  these  rates  would  be  sustained.  Higher  vapor  mass  removal  rates  are  more 
often  sustained  at  those  sites  where  liquid  product  recovery  is  sustained.  With  the  ICE  in  place,  at  a 
vapor  discharge  rate  of  166  cfm  and  using  an  average  concentration  of  1,300  ppmv  TPH  and  3  ppmv 
benzene,  approximately  130  lb/day  of  TPH  and  0.15  lb/day  of  benzene  were  emitted  to  the  air  during 
the  bioslurping  pump  test.  These  results  demonstrated  the  treatment  efficiency  of  the  ICE  unit,  with 
91%  destruction  of  TPH  and  >99%  destruction  of  benzene. 

The  initial  soil  gas  profiles  at  the  site  displayed  some  areas  of  oxygen-deficient,  carbon 
dioxide-rich,  high  total  volatile  hydrocarbon  vapor  conditions.  These  conditions  indicate  that  natural 
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biodegradation  of  residual  petroleum  hydrocarbons  has  occurred,  but  is  limited  by  oxygen  availability. 
Soil  gas  concentrations  were  measured  during  the  bioslurper  test  at  monitoring  points  adjacent  to 
monitoring  well  MW-32  to  determine  if  the  vadose  zone  was  being  oxygenated  via  the  bioslurper 
action.  Results  were  inconclusive,  since  oxygen  concentrations  increased  and  decreased  at  monitoring 
points.  This  is  likely  due  to  the  barometric  pumping.  The  construction  of  the  monitoring  wells  also 
may  have  influenced  the  results,  because  the  monitoring  wells  are  screened  over  very  large  intervals 
(5  to  15  ft),  resulting  in  an  averaging  of  soil  gas  concentrations  across  the  depth  interval.  Typically, 
soil  gas  concentrations  are  collected  from  a  much  narrower  screened  interval  (6  inches).  Based  on  the 
soil  gas  permeability  test,  where  a  radius  of  influence  of  49  ft  was  measured,  it  is  likely  that  areas 
within  this  radius  of  influence  will  become  fully  aerated.  In  short,  a  two  day  extraction  time  frame  at 
3  scftn  is  insufficient  to  exchange  sufficient  pore  volumes  of  soil  gas  to  fully  oxygenate  the  zone  of 
influence. 

In  situ  biodegradation  rates  of  0.0050  to  0.039  mg/kg-day  were  measured  at  three  different 
locations.  Based  on  the  radius  of  influence  of  49  ft  and  a  hydrocarbon-impacted  soil  thickness  of  130 
ft,  mass  removal  rates  via  biodegradation  are  on  the  order  of  0.19  to  1.5  lb  of  hydrocarbon  per  day. 
Thus,  mass  removal  rates  via  biodegradation  are  not  as  significant  as  the  initial  vapor  phase  removal 
rates  measured  during  the  bioslurper  test.  These  results  indicate  that  bioventing  is  probably  not 
necessary  at  this  site,  but  that  natural  attenuation  is  sufficient  to  degrade  contaminants  in  the  vadose 
zone. 

In  summary,  the  on-site  testing  at  OU-2,  George  AFB,  included  the  direct  testing  of  gravity- 
driven  and  vacuum-driven  LNAPL  free  product  recovery  techniques,  bioventing,  and  tests  relevant  to 
soil  vapor  extraction.  These  field  tests  have  demonstrated  that  free  product  removal  via  vacuum- 
enhanced  recovery  is  possible  at  significantly  greater  depths  than  the  maximum  suction  lift.  Liquid 
phase  recovery  was  sustainable  only  under  vacuum-enhanced  conditions.  Vapor  phase  mass  removal 
rates  measured  during  bioslurper  testing  may  be  the  result  of  soil  gas  removal  (i.e.  SVE)  or 
volatilization  during  liquid  entrainment.  The  generation  of  off-gas  is  undesirable  and  sustained  rates 
of  off-gas  discharge  cannot  be  estimated  accurately  from  this  test. 

Periodic  baildown  recovery  tests  are  recommended  as  a  useful  indicator  of  LNAPL  free 
product  recovery  potential.  Based  on  the  conduct  of  identical  pilot  tests  at  over  25  different  sites, 
there  have  been  several  sites  where  apparent  LNAPL  product  thicknesses  are  significant  (>3  ft). 
However,  once  the  LNAPL  free  product  is  removed  from  the  well,  it  may  take  weeks  or  months  to 
return  to  initial  apparent  thicknesses.  LNAPL  free  product  continues  to  accumulate  in  monitoring 
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wells,  but  not  at  a  rate  to  make  free  product  recovery  worthwhile.  The  periodic  baildown  recovery 
test  is  the  best  method  to  verify  whether  or  not  OU-2  is  like  the  sites  described  above.  Periodic  hand 
bailing  may  also  represent  removing  LNAPL  free  product  to  the  extent  practicable. 
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DRAFT  SITE-SPECIFIC  TECHNICAL  REPORT  (A003) 

for 

FREE  PRODUCT  RECOVERY  TESTING  AT  GEORGE  AFB,  CALIFORNIA 

27  February  1997 

1.0  INTRODUCTION 

This  report  describes  activities  performed  and  data  collected  during  field  tests  at  George  Air 
Force  Base  (AFB),  California  to  compare  vacuum-enhanced  free-product  recovery  (bioslurping)  to 
traditional  free-product  recovery  technologies  for  removal  of  light,  nonaqueous-phase  liquid  (LNAPL) 
from  subsurface  soils  and  aquifers.  The  field  testing  at  George  AFB  is  part  of  the  Bioslurper 
Initiative,  which  is  funded  and  managed  by  the  U.S.  Air  Force  Center  for  Environmental  Excellence 
(AFCEE)  Technology  Transfer  Division.  The  AFCEE  Bioslurper  Initiative  is  a  multisite  program 
designed  to  evaluate  the  efficacy  of  the  bioslurping  technology  for  (1)  recovery  of  LNAPL  from 
groundwater  and  the  capillary  fringe  and  (2)  enhancing  natural  in  situ  degradation  of  petroleum 
contaminants  in  the  vadose  zone  via  bioventing. 


1.1  Objectives 

The  main  objective  of  the  Bioslurper  Initiative  is  to  develop  procedures  for  evaluating  the 
potential  for  recovering  free-phase  LNAPL  present  at  petroleum-contaminated  sites.  The  overall 
study  is  designed  to  evaluate  bioslurping  and  identify  site  parameters  that  are  reliable  predictors  of 
bioslurping  performance.  To  measure  LNAPL  recovery  in  a  wide  variety  of  in  situ  conditions,  tests 
are  being  performed  at  many  sites.  The  test  at  George  AFB  is  one  of  more  than  40  similar  field  tests 
to  be  conducted  at  various  locations  throughout  the  United  States  and  its  possessions.  Aspects  of  the 
testing  program  that  apply  to  all  sites  are  described  in  the  Test  Plan  and  Technical  Protocol  for 
Bioslurping  (Battelle,  1995).  Test  provisions  specific  to  activities  at  George  AFB  are  described  in  the 
Site-Specific  Test  Plan  provided  in  Appendix  A. 

The  intent  of  field  testing  is  to  collect  data  to  support  determination  of  the  predictability  of 
LNAPL  recovery  and  to  evaluate  the  applicability,  cost,  and  performance  of  the  bioslurping 
technology  for  removal  of  free  product  and  remediation  of  the  contaminated  area.  The  on-site  testing 
is  structured  to  allow  direct  comparison  of  the  LNAPL  recovery  achieved  by  bioslurping  with  the 


performance  of  more  conventional  LNAPL  recovery  technologies.  The  test  method  included  an  initial 
site  characterization  followed  by  LNAPL  recovery  testing.  The  three  LNAPL  recovery  technologies 
tested  at  George  AFB  were  skimmer  pumping  and  bioslurping.  Drawdown  pumping  was  not 
conducted  due  to  poor  recoveries  during  the  skimmer  and  bioslurper  pump  tests.  The  specific  test 
objectives,  methods,  and  results  for  the  George  AFB  test  program  are  discussed  in  the  following 
sections. 


1.2  Testing  Approach 

Bioslurper  pilot  test  activities  were  conducted  at  two  monitoring  wells  at  OU-2:  (1)  monitoring 
well  MW-32,  and  (2)  monitoring  well  MW-5.  Site  characterization  activities  were  conducted  to 
evaluate  site  variables  that  could  affect  LNAPL  recovery  efficiency  and  to  determine  the  bioventing 
potential  of  the  site.  Testing  included  baildown  testing  to  evaluate  the  mobility  of  LNAPL,  soil  gas 
permeability  testing  to  determine  the  radius  of  influence,  and  in  situ  respiration  testing  to  evaluate  site 
microbial  activity.  No  soil  sampling  was  conducted  due  to  the  depth  of  contamination. 

Following  the  site  characterization  activities,  the  pump  tests  were  conducted.  At  monitoring 
well  MW-32,  pilot  tests  for  skimmer  pumping  and  bioslurping  were  conducted.  The  LNAPL 
recovery  testing  was  conducted  in  the  following  sequence  at  monitoring  well  MW-32:  0.5  hr  in  the 
skimmer  configuration  and  a  total  of  32  hr  in  the  bioslurper  configuration.  There  was  a  12-hr  and 
periodic  0.5  hr  shutdown  periods  during  the  bioslurper  pump  test. 

After  the  drawdown  pump  test  at  MW-32,  LNAPL  recovery  testing  was  conducted  at 
monitoring  well  MW-5  for  91  hr  in  the  bioslurper  configuration. 

Measurements  of  extracted  soil  gas  composition,  LNAPL  thickness,  and  groundwater  level 
were  taken  throughout  the  testing.  The  volume  of  LNAPL  recovered  and  groundwater  extracted  were 
quantified  over  time. 


2.0  SITE  DESCRIPTION 

The  information  presented  in  this  section  was  obtained  from  documents  entitled  Treatability 
Study  Report,  Free  Product  Recovery  System  Evaluation,  Operable  Unit  2,  George  Air  Force  Base, 
California  and  addendum  work  plans  to  Free  Product  and  Dissolved  Contaminant  Study,  Operable 
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Unit  2,  George  Air  Force  Base  prepared  by  IT  Corporation  in  July  1995  and  September  1994, 
respectively. 

George  AFB  is  located  in  San  Bernardino  County  in  a  relatively  flat  desert  valley  in  the 
southern  portion  of  California  and  was  used  as  a  jet  fighter  base  until  its  closure  in  1992.  Victorville 
is  the  nearest  city.  Operable  Unit  2  (OU-2),  in  the  east-central  portion  of  the  base,  included  the 
Liquid  Fuels  Distribution  System  (LFDS).  Main  fuel  lines  ran  north  from  the  aboveground  tank  farm 
to  the  ready  reserve  underground  storage  tanks  (USTs)  at  Facility  708.  Additional  supply  lines 
connected  tanks  at  Facility  708  to  fuel  pits,  and  distribution  lines  extended  from  the  fuel  pits  under 
the  concrete  flight  line  to  the  fuel  ports.  The  fuel  lines,  USTs,  and  fuel  pits  were  removed  in  1994, 
and  the  fuel  distribution  lines  under  the  flight  line  were  drained  and  grouted. 

Contamination  at  OU-2  consists  of  JP-4  jet  fuel  resulting  from  spills  in  the  LFDS.  A  free 
product  plume  is  found  under  the  flight  line  and  a  plume  of  dissolved  BTEX  extends  north  into  the 
area  toward  the  runway  (Figure  1).  A  separate  plume  is  likely  to  exist  northeast  of  the  main  plume  as 
evidenced  by  significant  levels  of  free  product  found  in  wells  MW-32  and  EX-5. 

Soils  at  the  site  consist  of  three  main  units.  An  upper  unit  extending  to  approximately  40  to  50 
ft  below  ground  surface  (bgs)  is  predominantly  sand.  The  middle  unit  is  located  at  a  depth  of  40  to 
125  ft  bgs  and  is  predominantly  clayey-sand.  The  lower  sand  unit  contains  a  perched  aquifer  and 
extends  190  to  200  ft  bgs.  The  base  of  the  aquifer  is  a  20-ft  silty  clay  lacustrine  bed. 

Depth  to  groundwater  at  the  site  ranges  from  approximately  120  to  140  ft  bgs  and  free  product 
thickness  have  ranged  from  0  to  8  ft.  With  limited  data  on  the  subsurface  geology  and  the  lateral 
extent  of  the  plume,  the  free  product  volume  was  originally  estimated  to  be  250,000  gallons. 

A  treatability  study  was  initiated  in  1992  that  utilized  three  to  four  permanent  free-product 
recovery  systems  (PPRSs)  and  two  mobile  free  product  recovery  systems  (MPRSs).  PPRSs  were 
installed  in  MW-4,  EX-1,  and  EX-4  in  1992  and  were  in  place  until  1994  when  the  removal  of  piping 
and  storage  tanks  required  the  systems  to  be  temporarily  removed.  PPRSs  were  reinstalled  in  EX-1, 
EX-4,  and  MW-4  in  1995.  EX-2  was  eliminated  due  to  a  slow  recovery  rate.  Two  MPRSs  were 
rotated  among  various  wells  during  the  same  time  period  and  operated  primarily  on  wells  EX-3,  MW- 
5,  MW-18,  MW-24,  and  MW-67.  As  of  11  April  1995,  a  total  of  12,087  gallons  of  free  product  had 
been  recovered  by  all  units  involved  in  the  study.  A  schematic  diagram  of  all  soil  boring  and 
monitoring  well  locations  is  shown  in  Figure  2. 
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Figure  1.  Schematic  Diagram  of  the  Free  Product  and  Dissolved  Contaminant  Plumes  at 
OU-2,  George  AFB,  CA 
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3.0  BIOSLURPER  SHORT-TERM  PILOT  TEST  METHODS 


This  section  documents  the  initial  conditions  at  the  test  site  and  describes  the  test  equipment 
and  methods  used  for  the  short-term  pilot  test  at  George  AFB. 

3.1  Initial  LNAPL/ Groundwater  Measurements  and  Baildown  Testing 

Monitoring  well  MW-32  was  evaluated  for  use  in  the  bioslurper  pilot  testing.  Initial  depths  to 
LNAPL  and  to  groundwater  were  measured  using  an  oil/water  interface  probe  (ORS  Model 
#1068013).  LNAPL  was  removed  from  the  well  with  a  Teflon™  bailer  until  the  LNAPL  thickness 
could  no  longer  be  reduced.  The  rate  of  increase  in  the  thickness  of  the  floating  LNAPL  layer  was 
monitored  using  the  oil/water  interface  probe  for  approximately  8  hr  at  monitoring  well  MW-32. 

3.2  Well  Construction  Details 

Short-term  bioslurper  pump  tests  were  conducted  at  existing  monitoring  well  MW-32  and  at 
monitoring  well  MW-5.  Monitoring  well  MW-32  is  constructed  of  4-inch-diameter,  schedule  80 
polyvinyl  chloride  (PVC)  with  a  total  depth  of  160  ft  and  40  ft  of  10-slot  screen.  Construction  details 
for  monitoring  well  MW-5  were  not  available.  A  schematic  diagram  illustrating  general  well 
construction  details  for  monitoring  wells  MW-32  is  provided  in  Figure  3. 

3.3  Soil  Gas  Monitoring  Point  Installation 

Soil  gas  monitoring  points  were  not  installed  due  to  the  deep  depth  to  contamination.  Existing 
soil  gas  monitoring  wells  MW-94,  MW-95,  MW-96,  and  MW-97  were  used.  The  monitoring  wells 
were  constructed  with  three  small  diameter  wells  installed  within  the  same  borehole  at  different  depths 
bgl.  Monitoring  well  MW-94  consisted  of  %-inch  diameter  schedule  40  PVC  to  depths  of  80  and  100 
ft  bgl  with  10  ft  of  screen  in  each  and  2-inch  diameter  schedule  40  PVC  to  a  depth  of  120  ft  with  10 
ft  of  screen.  Monitoring  wells  MW-95,  MW-96,  and  MW-97  consisted  of  %  -inch  diameter  schedule 
40  PVC  to  depths  of  80  and  100  ft  bgl  with  5  ft  of  screen  in  each  and  2-inch  diameter  schedule  40 
PVC  to  a  depth  of  approximately  130  ft  with  15  ft  of  screen.  The  locations  and  constructions  details 
of  the  monitoring  points  are  illustrated  in  Figure  3. 
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Figure  3.  Construction  Details  of  Monitoring  Well  MW-32  and  Soil  Gas  Monitoring  Points  at  George  AFB,  CA 


After  installation  of  the  monitoring  points,  initial  soil  gas  measurements  were  taken  with  a 
GasTech  portable  02/C02  meter  and  a  GasTech  TraceTechtor  portable  hydrocarbon  meter.  Oxygen 
limitation  was  observed  at  many  of  the  monitoring  wells,  with  oxygen  concentrations  ranging  from 
0%  to  20.5%  (Table  1).  Approximately  one-half  of  the  monitoring  wells  exhibited  oxygen 
concentrations  below  5  % . 


Table  1.  Initial  Soil  Gas  Compositions  at  George  AFB,  California 


Monitoring  Point 

Depth  (ft) 

Oxygen  (%) 

Carbon  Dioxide  (%) 

TPH 

MW97 

80 

0 

7.0 

NA 

100 

12 

6.5 

NA 

130 

15.1 

2.0 

NA 

MW96 

80 

0.20 

6.1 

NA 

100 

2.6 

10.7 

NA 

130 

0.0 

20.0 

NA 

MW95 

80 

0.0 

7.0 

NA 

100 

1.5 

3.8 

NA 

130 

20.5 

0.05 

NA 

MW94 

80 

0 

10.0 

NA 

100 

14.5 

0.7 

NA 

130 

17.0 

0.5 

NA 

NA  Hydrocarbon  meter  was  not  operable. 


3.4  LNAPL  Recovery  Testing 


3.4.1  System  Setup 

The  bioslurping  pilot  test  system  is  a  trailer-mounted  mobile  unit.  The  vacuum  pump  (Atlantic 
Fluidics  Model  A100,  10-hp  liquid  ring  pump),  oil/water  separator,  and  required  support  equipment 
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were  carried  to  the  test  location  on  a  trailer.  The  trailer  was  located  near  the  monitoring  well,  the 
well  cap  was  removed,  a  well  seal  was  placed  on  the  top  of  the  well,  and  the  slurper  tube  was 
lowered  into  the  well.  The  slurper  tube  was  attached  to  the  vacuum  pump.  Different  configurations 
of  the  well  seal  and  the  placement  depth  of  the  slurper  tube  allow  for  simulation  of  skimmer  pumping, 
operation  in  the  bioslurping  configuration,  or  simulation  of  drawdown  pumping.  Extracted 
groundwater  was  treated  by  passing  the  recovered  fluid  through  a  filter  box  and  an  oil/water 
separator.  Soil  vapor  was  treated  by  passing  it  through  an  internal  combustion  engine  (ICE).  Output 
data  for  the  ICE  is  provided  in  Appendix  B. 

A  brief  system  startup  test  was  performed  prior  to  LNAPL  recovery  testing  to  ensure  that  all 
system  components  were  working  properly.  The  system  checklist  is  provided  in  Appendix  C.  All 
site  data  and  field  testing  information  were  recorded  in  a  field  notebook  and  then  transcribed  onto 
pilot  test  data  sheets  provided  in  Appendix  D. 

3.4.2  Skimmer  Pump  Test 

Prior  to  test  initiation,  depths  to  LNAPL  and  groundwater  were  measured.  The  slurper  tube 
was  then  set  at  the  LNAPL/groundwater  interface  with  the  wellhead  open  to  the  atmosphere.  The 
drop  tube  was  held  in  position  by  the  well  seal,  and  was  positioned  to  leave  the  wellhead  vented  to 
the  atmosphere  (Figure  4).  The  liquid  ring  pump  and  oil/water  separator  were  primed  with  known 
amounts  of  groundwater  to  ensure  that  any  LNAPL  or  groundwater  entering  the  system  could  be 
quantified.  The  flow  totalizer  for  the  LNAPL  and  aqueous  effluent  were  zeroed,  and  the  liquid  ring 
pump  was  started  on  14  July  1996  to  begin  the  skimmer  pump  test.  The  test  was  operated 
continuously  for  0.5  hr.  The  LNAPL  and  groundwater  extraction  rates  were  monitored  throughout 
the  test,  as  were  all  other  relevant  data  for  the  skimmer  pump  test.  Test  data  sheets  are  provided  in 
Appendix  D. 

3.4.3  Bioslurper  Pump  Test 

Two  bioslurper  pump  tests  were  conducted:  one  at  monitoring  well  MW-32  and  one  at 
monitoring  well  MW-5.  Details  of  the  tests  are  described  in  the  following  sections. 
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Figure  4.  Slurper  Tube  Placement  and  Valve  Position  for  the  Skimmer  Pump  Test 
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3.4.3.1  Monitoring  Well  MW-32 


Upon  completion  of  the  skimmer  pump  test,  preparations  were  made  to  begin  the  bioslurper 
pump  test.  The  slurper  tube  was  set  at  the  LNAPL/groundwater  interface.  The  LNAPL  and 
groundwater  depth  were  measured  prior  to  any  recovery  testing.  The  sanitary  well  seal  was 
positioned  inside  the  well,  sealing  the  wellhead  and  allowing  the  pump  to  establish  a  vacuum  in  the 
well  (Figure  5).  A  pressure  gauge  was  installed  at  the  wellhead  to  measure  the  vacuum  inside  the 
extraction  well.  The  liquid  ring  pump  was  started  on  14  July  1996  to  begin  the  bioslurper  pump  test. 
The  test  was  initiated  approximately  3  hr  after  the  skimmer  pump  test  and  was  operated  for  a  total  of 
32  hr  at  a  pump  pressure  ranging  from  15  to  24  inches  of  Hg.  The  test  was  shutdown  for  a  period  of 
12  hr  and  for  several  0.5  hr  periods  during  the  testing.  The  LNAPL  and  groundwater  extraction  rates 
were  monitored  throughout  the  test,  as  were  all  other  relevant  data  for  the  bioslurper  pump  test.  The 
data  sheets  are  provided  in  Appendix  D. 

3.4.3.2  Monitoring  Well  MW-5 

The  liquid  ring  pump  was  started  on  17  July  1996  to  begin  the  bioslurper  pump  test.  The  test 
was  initiated  approximately  1  hr  after  termination  of  the  bioslurper  pump  test  at  MW-32  and  was 
operated  continuously  for  91  hr  at  a  pump  pressure  of  approximately  22  inches  of  Hg.  Two 
shutdown  periods  occurred  during  testing:  the  first  was  due  to  high  water  temperature  (one-hour 
shutdown)  and  the  second  was  due  to  running  out  of  fuel  (2-hour  shutdown).  The  LNAPL  and 
groundwater  extraction  rates  were  monitored  throughout  the  test,  as  were  all  other  relevant  data  for 
the  bioslurper  pump  test.  Test  data  sheets  are  provided  in  Appendix  D. 

An  LNAPL  sample  was  collected  from  the  extracted  fuel  from  monitoring  well  MW-5  for 
analysis  of  BTEX  and  for  boiling  point  fractionation.  The  sample  was  sent  to  Alpha  Analytical,  Inc., 
in  Sparks,  Nevada  for  analysis. 

3.4.4  Off-Gas  Sampling  and  Analysis 

Six  soil  gas  samples  were  collected  during  the  bioslurper  pump  tests.  Samples  Seal  Tank  #1 
and  Seal  Tank  #2  were  collected  during  the  bioslurper  pump  test  at  monitoring  well  MW-32  after 
approximately  19  hr  of  operation.  During  the  bioslurper  pump  test  as  monitoring  well  MW-5, 
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Figure  5.  Slurper  Tube  Placement  for  the  Bioslurper  Pump  Test 
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samples  Seal  Tank  #3  and  Seal  Tank  #4  were  collected  following  approximately  43  hr  of  operation, 
and  samples  ICE-1  and  ICE-2  were  collected  from  the  ICE  off-gas  after  approximately  43.5  hr  of 
operation.  The  samples  were  collected  in  Summa™  canisters.  The  samples  were  sent  under  chain  of 
custody  to  Air  Toxics,  Ltd.,  in  Folsom,  California,  for  analyses  of  BTEX  and  TPH,  using  EPA 
Method  TO-3.  Analytical  reports  are  provided  in  Appendix  E. 

3.4.5  Groundwater  Sampling  and  Analysis 

Two  groundwater  samples  were  collected  during  the  bioslurper  pump  test  at  monitoring  well 
MW-5  and  were  labeled  GW-1  and  GW-2.  Each  sample  was  collected  after  the  oil/water  separator, 
after  approximately  53  hr  of  operation.  Samples  were  collected  in  40-mL  VOA  vials  containing 
hydrochloric  acid  (HC1)  preservative.  Samples  were  checked  to  ensure  no  headspace  was  present  and 
were  then  shipped  on  ice  and  sent  under  chain  of  custody  to  Alpha  Analytical,  Inc.,  in  Sparks, 

Nevada  for  analyses  of  BTEX  and  TPH  (purgeable).  Analytical  reports  are  provided  in  Appendix  E. 

3.5  Bioventing  Analyses 


3.5.1  Soil  Gas  Permeability  Testing 

The  soil  gas  permeability  test  data  were  collected  during  the  bioslurper  pump  test  at  monitoring 
well  MW-32.  Before  a  vacuum  was  established  in  the  extraction  well,  the  initial  soil  gas  pressures  at 
the  three  installed  monitoring  points  were  recorded.  The  start  of  the  bioslurper  pump  test  created  a 
steep  pressure  drop  in  the  extraction  well  which  was  the  starting  point  for  the  soil  gas  permeability 
testing.  Soil  gas  pressures  were  measured  at  each  of  the  three  monitoring  points  at  all  depths  to  track 
the  rate  of  outward  propagation  of  the  pressure  drop  in  the  extraction  well.  Soil  gas  pressure  data 
were  collected  frequently  during  the  first  20  minutes  of  the  test.  The  soil  gas  pressures  were  recorded 
throughout  the  bioslurper  pump  test  to  determine  the  bioventing  radius  of  influence.  Test  data  are 
provided  in  Appendix  F. 
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3.5.2  In  Situ  Respiration  Testing 


Air  containing  approximately  2%  helium  was  injected  into  three  monitoring  points  for 
approximately  24  hr  beginning  on  19  July  1996.  The  setup  for  the  in  situ  respiration  test  is  described 
in  the  Test  Plan  and  Technical  Protocol  a  Field  Treatability  Test  for  Bioventing  (Hinchee  et  al., 

1992).  A  V4- hp  diaphragm  pump  was  used  for  air  and  helium  injection.  Air  and  helium  were 
injected  through  monitoring  well  MW-95-80',  MW-96-80',  MW-97-80',  and  MW-97-100'.  After  the 
air/helium  injection  was  terminated,  soil  gas  concentrations  of  oxygen,  carbon  dioxide,  TPH,  and 
helium  were  monitored  periodically.  The  in  situ  respiration  test  was  terminated  on  22  July  1996. 
Oxygen  utilization  and  biodegradation  rates  were  calculated  as  described  in  Hinchee  et  al.  (1992). 

Raw  data  for  these  tests  are  presented  in  Appendix  G. 

Helium  concentrations  were  measured  during  the  in  situ  respiration  test  to  quantify  helium 
leakage  to  or  from  the  surface  around  the  monitoring  points.  Helium  loss  over  time  is  attributable  to 
either  diffusion  through  the  soil  or  leakage.  A  rapid  drop  in  helium  concentration  usually  indicates 
leakage.  A  gradual  loss  of  helium  along  with  a  first-order  curve  generally  indicates  diffusion.  As  a 
rough  estimate,  the  diffusion  of  gas  molecules  is  inversely  proportional  to  the  square  root  of  the 
molecular  weight  of  the  gas.  Based  on  molecular  weights  of  4  for  helium  and  32  for  oxygen,  helium 
diffuses  approximately  2.8  times  faster  than  oxygen,  or  the  diffusion  of  oxygen  is  0.35  times  the  rate 
of  helium  diffusion.  As  a  general  rule,  we  have  found  that  if  helium  concentrations  at  test  completion 
are  at  least  50  to  60%  of  the  initial  levels,  measured  oxygen  uptake  rates  are  representative.  Greater 
helium  loss  indicates  a  problem,  and  oxygen  utilization  rates  are  not  considered  representative. 

3.5.3  Biometric  Pumping  Analysis 

Due  to  the  deep  depth  to  groundwater  at  George  AFB,  it  is  possible  that  significant  biometric 
pumping  could  be  occurring  at  the  site.  Biometric  pumping  occurs  when  barometric  changes  cause 
significant  volumes  of  air  to  pass  in  and  out  of  the  subsurface.  Monitoring  wells  may  exhibit 
"breathing",  which  may  be  taken  advantage  of  to  aerate  the  subsurface  soils. 

A  DataWrite  oxygen  sensor  was  installed  in  monitoring  well  MW-32  after  the  bioslurper  pump 
test  in  this  well.  Oxygen  concentrations  were  measured  continuously  for  approximately  four  days. 

The  DataWrite  oxygen  sensors  consist  of  an  in  situ  oxygen  probe,  signal  transfer  line,  and  an 
aboveground  data  logger.  DataWrite  software  was  installed  to  a  personal  computer  to  calibrate, 
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program,  and  initiate  operation  of  the  sensors.  The  in  situ  sensors  respond  to  oxygen  concentrations 
in  the  soil  gas  and  generate  a  millivolt  signal  reflecting  that  concentration.  The  sensor  was  calibrated 
before  being  installed  in  the  monitoring  well  by  producing  a  response  to  the  atmospheric  oxygen  level 
of  21  % .  The  calibration  factor  (sensor  voltage  divided  by  21)  was  then  retained  by  the  sensor’s  data 
logger.  Future  oxygen  concentrations  were  calculated  by  applying  that  calibration  factor  to  the 
millivolt  signal  from  the  sensor. 

The  DataWrite  oxygen  sensor  was  programmed  through  the  data  logger  to  generate  oxygen 
measurements  on  a  temporal  basis.  The  millivolt  signal  from  the  sensor  was  recorded  every  30 
minutes.  The  data  logger  stored  these  millivolt  signals  and  their  resulting  oxygen  concentrations. 


4.0  RESULTS 

This  section  documents  the  results  of  the  site  characterization,  the  comparative  LNAPL 
recovery  pump  test,  and  other  supporting  tests  conducted  at  George  AFB. 

4.1  Baildown  Test  Results 

Results  from  the  baildown  test  are  presented  in  Table  2.  A  baildown  recovery  test  was 
conducted  at  monitoring  well  MW-32.  Baildown  recovery  tests  provide  a  qualitative  indication  of  the 
presence  of  mobile,  free-phase  LNAPL  and  recovery  potential.  Overall,  the  baildown  recovery  test 
indicated  a  relatively  slow  rate  of  LNAPL  recovery  into  the  well.  Also,  the  short-term  baildown 
recovery  resulted  in  an  LNAPL  thickness  approximately  one-third  of  the  initial  apparent  thickness. 
Pilot  testing  was  initiated  on  monitoring  well  MW-32  to  determine  the  potential  for  LNAPL  recovery. 

4.2  LNAPL  Pump  Test  Results 
4.2.1  Initial  Skimmer  Pump  Test  Results 

No  significant  quantities  of  LNAPL  or  groundwater  were  recovered  during  this  test  during  0.5 
hr  of  extraction.  These  results  demonstrate  that  gravity-driven  liquid  recovery  is  not  a  feasible  option 
at  this  monitoring  well. 
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Table  2.  Baildown  Test  Record  at  MW-32,  George  AFB,  CA 


Sample  Collection  Time 
(Date-Time) 

Depth  to 
Groundwater  (ft) 

Depth  to  LNAPL 
(ft) 

LNAPL  Thickness 
(ft) 

Initial  Reading 

7/10/96  -  2016 

124.10 

122.48 

1.62 

7/11/96  -  1205 

123.00 

122.93 

0.07 

7/11/96  -  1209 

123.15 

122.75 

0.40 

7/11/96  -  1221 

123.20 

122.75 

0.45 

7/11/96-1316 

123.18 

122.74 

0.44 

7/11/96-1413 

123.15 

122.70 

0.45 

7/11/96  -  2000 

123.15 

122.67 

0.48 

4.2.2  Bioslurper  Pump  Test  Results 

4.2.2. 1  Monitoring  Well  MW-32 

LNAPL  recovery  was  not  possible  during  the  bioslurper  pump  test,  although  a  sheen  of  fuel 
was  observed  in  the  filter  box  by  the  end  of  the  study.  In  an  effort  to  recover  fuel,  a  number  of 
different  configurations  were  tested,  including  different  diameter  of  drop  tubes,  vacuum  on  drop  tube, 
and  vapor  flowrate.  Fuel  was  not  recovered  during  any  of  the  configurations;  however,  significant 
changes  in  groundwater  extraction  were  noted  (Table  3).  The  smaller  diameter  drop  tube  resulted  in 
decreased  groundwater  extraction.  The  most  significant  increase  in  water  extraction  was  observed  at 
higher  vapor  flowrates. 

Soil  gas  concentrations  were  measured  at  monitoring  points  during  the  bioslurper  pump  test  at 
monitoring  well  MW-32  to  determine  whether  the  vadose  zone  was  being  oxygenated  via  the 
bioslurping  action.  Results  were  inconclusive,  since  oxygen  concentrations  increased  and  decreased  at 
monitoring  points  (Table  4).  This  is  likely  due  to  the  barometric  pumping  observed  as  described  in 
Section  4.4.3.  The  construction  of  the  monitoring  wells  also  may  have  influenced  the  results,  because 
the  monitoring  wells  are  screened  over  very  large  intervals  (5  to  15  ft),  resulting  in  an  averaging  of 
soil  gas  concentrations  across  the  depth  interval.  Typically,  soil  gas  concentrations  are  collected  from 
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Table  3.  Bioslurper  Pump  Results  at  Monitoring  Well  MW-32,  George  AFB,  CA 


Period  (hr) 

Pump 

Vacuum 

(*Hg) 

Drop  Tube 
Vacuum 
(ffHg) 

Drop  Tube 
Depth  bgl 
(ft) 

Drop  Tube 
Diameter 
(inches) 

Soil  Gas 
Flowrate 
(scfm) 

Recovery  Rate  (gal/day)  j 

LNAPL1 

Groundwater 

24.25 

21-24 

20 

125.92 

1.25 

1.5  -  3.0 

0 

860 

1.75 

22-23.5 

22  -  23.5 

127.25 

1.25 

2.5 

0 

1,400 

1.75 

17-20 

17-21 

125.7 

0.5 

5 

0 

180 

10  min 

22.5 

16.5 

125.7 

0.5 

4.5 

0 

190 

25  min 

22 

9.75 

125.7 

0.5 

4.0 

0 

130 

0.50 

21 

20.75 

126.6 

0.5 

1.7 

0 

O 
O' s 

0.75 

20.5 

20.5 

125.7 

1.25 

21 

0 

1,600 

0.80 

19 

13 

125.7 

1.25 

17 

0 

200 

A  sheen  was  observed  in  the  filter  box,  but  was  not  present  in  sufficient  quantities  to 
measure. 


17 


Table  4.  Oxygen  Concentrations  During  the  Bioslurper  Pump  Test  at  MW-32,  George 
AFB,  CA 


Monitoring  Point 

Oxygen  Concentrations  (%)  Versus  Time  (hours) 

0 

29.5 

MW97-80 

0 

0 

MW97-100 

12 

0 

MW97-130 

15.1 

NA 

MW96-80 

0.2 

0 

MW96-100 

2.6 

0.8 

MW96-130 

0 

13.8 

MW95-80 

0 

0 

MW95-100 

1.5 

5.0 

MW95-130 

20.5 

20.9 

MW94-80 

0 

3.0 

MW94-100 

14.5 

3.0 

MW94-130 

17.0 

15.0 

a  much  narrower  screened  interval  (6  inches).  Based  on  the  soil  gas  permeability  test,  where  a  radius 
of  influence  of  49  ft  was  measured,  it  is  likely  that  areas  within  this  radius  of  influence  will  become 
fully  aerated.  In  short,  a  two  day  extraction  time  frame  at  3  scfm  is  insufficient  to  exchange 
sufficient  pore  volumes  of  soil  gas  to  fully  oxygenate  the  zone  of  influence. 

4.2.2.2  Monitoring  Well  MW-5 

In  an  effort  to  determine  if  the  results  at  monitoring  well  MW-32  were  representative  of  site 
conditions,  bioslurper  testing  was  conducted  at  monitoring  well  MW-5.  Significant  free-phase 
LNAPL  was  recovered  during  the  first  three  days  of  bioslurper  pumping  (9.8,  12,  and  11 
gallons/ day,  respectively)  (Table  5).  By  day  4,  the  free  product  recovery  rate  had  dropped  to  5.6 
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Table  5.  Pump  Results  at  Monitoring  Well  MW-5,  George  AFB,  California 


Time  (day) 

Recovery  Rate  (gal/day) 

LNAPL 

Groundwater1 

1 

9.8 

1,200 

2 

12 

1,100 

3 

11 

1,100 

4 

5.6 

910 

Average  (gal/day) 

9.7/1 l2 

1,360 

Total  Recovery  (gal) 

36. 9/40. 82 

5,141 

1  Groundwater  production  rates  do  not  accurately  reflect  the  quantity  of  groundwater 
recovered.  Insufficient  quantities  of  groundwater  were  produced  to  sufficiently  cool  the 
motor;  therefore,  tap  water  had  to  be  added  to  cool  the  motor. 

2  When  cleaning  OWS  and  filter  tank,  four  gallons  of  fuel  was  acquired. 

gallons/ day,  resulting  in  an  average  rate  of  9.7  gallons/day.  The  LNAPL  recovery  versus  time  is 
shown  in  Figure  6.  The  LNAPL  recovery  rate  versus  time  is  shown  in  Figure  7.  The  well  head 
vacuum  on  monitoring  well  MW-5  (18  inches  H20)  and  groundwater  production  rate  (1,360 
gallons/day)  were  similar  to  those  observed  at  monitoring  well  MW-32.  Results  at  these  two 
monitoring  wells  appear  to  be  representative  of  the  site  and  indicate  that  vacuum-enhanced  liquid 
recovery  techniques  are  feasible.  However,  given  that  monitoring  well  MW-5  is  approximately  0.5 
mile  from  monitoring  well  MW-32,  it  is  apparent  that  little  recoverable  free  product  is  present  in  the 
vicinity  of  monitoring  well  MW-32. 

4.2.3  Extracted  Groundwater,  LNAPL,  and  Off-Gas  Analyses 

Results  of  groundwater  analyses  are  shown  in  Table  6.  Contaminant  concentrations  were 
similar  between  the  two  samples,  with  average  TPH  and  total  BTEX  concentrations  of  8.8  mg/L  and 
4.8  mg/L,  respectively.  The  on-site  water  treatment  equipment,  consisting  of  a  filter  tank,  oil/water 
separator,  and  clarification  tanks,  resulted  in  water  effluent  (8.4  to  9.2  mg/L  total  hydrocarbons)  that 
is  considered  compatible  with  typical  sanitary  sewer  discharge  limits. 
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Figure  6.  LNAPL  Recovery  Versus  Time  at  Monitoring  Well  MW-5,  George  AFB,  CA 
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Figure  7.  LNAPL  Recovery  Rate  Versus  Time  During  the  Bioslurper  Pump  Test  at 
Monitoring  Well  MW-5 
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Table  6.  BTEX  and  TPH  Concentrations  in  Extracted  Groundwater  During  the  Bioslurper 
Pump  Test  at  George  AFB,  CA 


Parameter 

Concentration  (mg/L) 

GW-1 

GW-2 

TPH  (Purgeable) 

9.2 

8.4 

Benzene 

0.56 

0.49 

Toluene 

1.6 

1.4 

Ethylbenzene 

0.35 

0.32 

Total  Xylenes 

2.5 

2.3 

The  results  from  the  off-gas  analyses  are  presented  in  Table  7.  During  the  bioslurper  pump 
test  at  monitoring  well  MW-32,  given  a  flowrate  of  3  cfm  from  the  bioslurper  well  and  average  vapor 
concentrations  of  106,000  ppmv  TPH  and  1,700  ppmv  benzene,  emissions  rates  would  have  been 
approximately  190  lb/day  of  TPH  and  1.5  Ib/day  of  benzene.  These  results  demonstrate  that 
significant  hydrocarbon  removal  was  accomplished  during  bioslurping,  although  little  free  product 
was  recovered. 

During  the  bioslurper  pump  test  at  monitoring  well  MW-5,  given  a  flowrate  of  19.5  cfm  from 
the  bioslurper  well  and  average  vapor  concentrations  of  135,000  ppmv  TPH  and  4,450  ppmv  benzene 
before  ICE  treatment,  emissions  rates  would  have  been  approximately  1,400  lb/day  of  TPH  and  24 
lb/day  of  benzene.  Thus,  initially,  mass  removal  in  the  vapor  phase  is  significant.  However,  this 
short-term  test  does  not  provide  a  good  indication  as  to  whether  these  rates  would  be  sustained. 

Higher  vapor  mass  removal  rates  are  more  often  sustained  at  those  sites  where  liquid  product 
recovery  is  sustained.  With  the  ICE  in  place,  at  a  vapor  discharge  rate  of  166  cfm  and  using  an 
average  concentration  of  1,300  ppmv  TPH  and  3  ppmv  benzene,  approximately  130  lb/day  of  TPH 
and  0.15  lb/day  of  benzene  were  emitted  to  the  air  during  the  bioslurping  pump  test.  These  results 
demonstrated  the  treatment  efficiency  of  the  ICE  unit,  with  91%  destruction  of  TPH  and  >99% 
destruction  of  benzene. 
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Table  7.  BTEX  and  TPH  Concentrations  in  Off-Gas  During  the  Bioslurper  Pump  Test  at 
George  AFB,  CA 


Parameter 

Concentration  (ppmv) 

Seal  Tank-1 

Seal  Tank-2 

Seal  Tank-3 

Seal  Tank-4 

ICE-1 

ICE-2 

TPH  as  jet 
fuel 

72,000 

140,000 

110,000 

160,000 

2,600 

13 

Benzene 

1,400 

2,000 

3,800 

5,100 

5.8 

0.11 

Toluene 

2,200 

3,300 

6,000' 

3,500 

52 

0.25' 

Ethylbenzene 

860 

1,400 

2,200 

3,000 

58 

0.12 

Xylenes 

2,200' 

3,800' 

5,000' 

7,200' 

190' 

0.31' 

1  Reported  value  may  be  biased  due  to  apparent  matrix  interferences. 


The  composition  of  LNAPL  is  shown  in  Tables  8  and  9  in  terms  of  BTEX  concentrations  and 
distribution  of  C-range  compounds,  respectively.  The  distribution  of  C-range  compounds  also  is 
shown  graphically  in  Figure  8. 


4.4  Bioventing  Analyses 

4.4.1  Soil  Gas  Permeability  and  Radius  of  Influence 

The  radius  of  influence  is  calculated  by  plotting  the  log  of  the  pressure  change  at  a  specific 
monitoring  point  versus  the  distance  from  the  extraction  well.  The  radius  of  influence  is  then  defined 
as  the  distance  from  the  extraction  well  where  0. 10  inch  of  H20  can  be  measured.  A  radius  of 
influence  of  approximately  49  ft  was  measured  during  testing  at  monitoring  well  MW-32  (Figure  9). 

4.4.2  In  Situ  Respiration  Test  Results 

Results  from  the  in  situ  respiration  test  are  presented  in  Table  10.  Oxygen  utilization  rates 
were  relatively  low,  ranging  from  0.0050  to  0.039  %02/hr.  Biodegradation  rates  ranged  from  0.087 
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Table  8.  BTEX  Concentrations  in  LNAPL  from  George  AFB,  California 


Compound 

Concentration  (mg/kg) 

Benzene 

<193 

Toluene 

3,800 

Ethylbenzene 

3,100 

Total  Xylenes 

22,000 

Table  9.  C-Range  Compounds  in  LNAPL 


C-Range  Compounds 

Percentage  of  Total 

<C8 

17.53 

C9 

17.18 

CIO 

19.32 

Cll 

16.81 

C12 

13.89 

C13 

8.75 

C14 

4.32 

C15 

1.41 

>C16 

0.80 

f 
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Figure  8.  Distribution  of  C-Range  Compounds  in  Extracted  LNAPL  at  Griffis  AFB,  NY 
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Table  10.  In  Situ  Respiration  Test  Results  at  George  AFB,  California 


Monitoring  Point 

Oxygen  Utilization  Rate 
(%/hr) 

Biodegradation  Rate 
(mg/kg-day) 

MW97-80 

0.023 

0.39 

MW97-100 

0.039 

0.64 

MW95-80 

0.0050 

0.087 

MW96-80 

0.0070 

0.11 

to  0.64  mg/kg-day.  These  results  indicate  that  biodegradation  in  these  locations  is  not  significant  and 
that  bioventing  may  not  increase  microbial  activity  beyond  what  is  attainable  from  natural  diffusion  of 
oxygen. 

4.4.2  Biometric  Pumping  Results 

Results  from  the  oxygen  measurements  taken  in  monitoring  well  MW-32  are  shown  in  Figure 
10.  As  shown,  oxygen  concentrations  fluctuation  show  a  definitive  trend,  with  concentrations 
fluctuating  around  a  24-hr  period.  Ambient  levels  of  oxygen  represent  time  periods  when  the 
monitoring  well  is  "inhaling"  ambient  air,  and  periods  where  oxygen  levels  decrease  represent  time 
periods  when  the  monitoring  well  is  "exhaling"  oxygen-limited  soil  gas.  These  results  demonstrate 
that  there  is  significant  biometric  pumping  occurring  at  this  site.  Installation  of  a  valve  on  monitoring 
wells  which  would  allow  ambient  air  to  pass  into  the  monitoring  wells,  but  which  would  not  allow 
soil  gas  to  escape  would  provide  a  degree  of  aeration  to  the  site. 


5.0  DISCUSSION  AND  CONCLUSIONS 

The  main  objective  of  the  field  pilot  test  at  OU-2,  George  AFB  was  to  determine  if  LNAPL 
recovery  is  feasible  and  to  select  the  most  effective  method  of  LNAPL  recovery.  Depths  to 
groundwater  at  George  AFB  typically  are  120  to  130  ft  bgl.  These  were  the  first  bioslurper  pump 
tests  conducted  at  this  depth. 
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Figure  10.  Oxygen  Concentrations  Versus  Time  in  Monitoring  WeU  MW-32  to  Examine 
Biometric  Pumping 
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A  baildown  recovery  test  was  conducted  at  monitoring  well  MW-32.  Baildown  recovery  tests 
provide  a  qualitative  indication  of  the  presence  of  mobile,  free-phase  LNAPL  and  recovery  potential. 
The  initial  LNAPL  thickness  was  1.62  ft  and  after  approximately  24  hours  recovered  to  0.48  ft. 
Overall,  the  baildown  recovery  test  indicated  a  relatively  slow  rate  of  LNAPL  recovery  into  the  well. 
Also,  short-term  baildown  recovery  resulted  in  LNAPL  thicknesses  approximately  one-third  of  the 
initial  apparent  thickness.  Pilot  testing  was  initiated  on  monitoring  well  MW-32  to  determine  whether 
free  product  recovery  was  possible. 

Direct  pumping  tests  were  conducted  at  monitoring  wells  MW-32  and  MW-5.  Skimmer  pump 
testing  was  conducted  at  monitoring  well  MW-32  in  a  continuous  extraction  mode  for  0.5  hr.  No 
measurable  free-phase  LNAPL  was  recovered  during  this  time  period,  indicating  that  gravity-driven 
recovery  is  minimal.  LNAPL  recovery  was  not  possible  during  the  bioslurper  pump  test,  although  a 
sheen  of  fuel  was  observed  in  the  filter  box  by  the  end  of  the  study.  In  an  effort  to  recover  fuel,  a 
number  of  different  configurations  were  tested,  including  different  diameter  of  drop  tubes,  vacuum  on 
drop  tube,  and  vapor  flowrate.  Fuel  was  not  recovered  during  any  of  the  configurations;  however, 
significant  changes  in  groundwater  extraction  were  noted.  The  smaller  diameter  drop  tube  resulted  in 
decreased  groundwater  extraction.  The  most  significant  increase  in  water  extraction  was  observed  at 
higher  vapor  flowrates.  Groundwater  production  rates  during  bioslurping  were  significant,  indicating 
that  vacuum  enhanced  fluid  recovery  was  in  effect  during  the  bioslurper  test.  The  on-site  water 
treatment  equipment,  consisting  of  a  filter  tank,  oil/water  separator,  and  clarification  tanks,  resulted  in 
water  effluent  that  is  considered  compatible  with  typical  sanitary  sewer  discharge  limits. 

In  an  effort  to  determine  if  the  results  at  monitoring  well  MW-32  were  representative  of  site 
conditions,  bioslurper  testing  was  conducted  at  monitoring  well  MW-5.  Significant  free-phase 
LNAPL  was  recovered  during  the  first  three  days  of  bioslurper  pumping  (9.8,  12,  and  11 
gallons/ day,  respectively).  By  day  4,  the  free  product  recovery  rate  had  dropped  to  5.6  gallons/day, 
resulting  in  an  average  rate  of  9.7  gallons/day.  The  well  head  vacuum  on  monitoring  well  MW-5  (18 
inches  H20)  and  groundwater  production  rate  (1,360  gallons/day)  were  similar  to  those  observed  at 
monitoring  well  MW-32.  Results  at  these  two  monitoring  wells  appear  to  be  representative  of  the  site 
and  indicate  that  vacuum-enhanced  liquid  recovery  techniques  are  feasible.  However,  given  that 
monitoring  well  MW-5  is  approximately  0.5  mile  from  monitoring  well  MW-32,  it  is  apparent  that 
little  recoverable  free  product  is  present  in  the  vicinity  of  monitoring  well  MW-32. 

Bioslurping  also  promotes  mass  removal  in  the  form  of  in  situ  biodegradation  via  bioventing 
and  soil  gas  extraction.  Vapor  phase  mass  removal  is  the  result  of  soil  gas  extraction  as  well  as 
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volatilization  that  occurs  during  the  movement  of  LNAPL  free  product  through  the  extraction 
network.  During  the  bioslurper  pump  test  at  monitoring  well  MW-32,  given  a  flowrate  of  3  cfm 
from  the  bioslurper  well  and  average  vapor  concentrations  of  106,000  ppmv  TPH  and  1,700  ppmv 
benzene,  emissions  rates  would  have  been  approximately  190  lb/day  of  TPH  and  1.5  lb/day  of 
benzene.  These  results  demonstrate  that  significant  hydrocarbon  removal  was  accomplished  during 
bioslurping,  although  little  free  product  was  recovered.  During  the  bioslurper  pump  test  at 
monitoring  well  MW-5,  given  a  flowrate  of  19.5  cfm  from  the  bioslurper  well  and  average  vapor 
concentrations  of  135,000  ppmv  TPH  and  4,450  ppmv  benzene  before  ICE  treatment,  emissions  rates 
would  have  been  approximately  1,400  lb/day  of  TPH  and  24  lb/day  of  benzene.  Thus,  initially,  mass 
removal  in  the  vapor  phase  is  significant.  However,  this  short-term  test  does  not  provide  a  good 
indication  as  to  whether  these  rates  would  be  sustained.  Higher  vapor  mass  removal  rates  are  more 
often  sustained  at  those  sites  where  liquid  product  recovery  is  sustained.  With  the  ICE  in  place,  at  a 
vapor  discharge  rate  of  166  cfm  and  using  an  average  concentration  of  1,300  ppmv  TPH  and  3  ppmv 
benzene,  approximately  130  lb/day  of  TPH  and  0.15  lb/day  of  benzene  were  emitted  to  the  air  during 
the  bioslurping  pump  test.  These  results  demonstrated  the  treatment  efficiency  of  the  ICE  unit,  with 
91%  destruction  of  TPH  and  >99%  destruction  of  benzene. 

The  initial  soil  gas  profiles  at  the  site  displayed  some  areas  of  oxygen-deficient,  carbon 
dioxide-rich,  high  total  volatile  hydrocarbon  vapor  conditions.  These  conditions  indicate  that  natural 
biodegradation  of  residual  petroleum  hydrocarbons  has  occurred,  but  is  limited  by  oxygen  availability. 
Soil  gas  concentrations  were  measured  during  the  bioslurper  test  at  monitoring  points  adjacent  to 
monitoring  well  MW-32  to  determine  if  the  vadose  zone  was  being  oxygenated  via  the  bioslurper 
action.  Results  were  inconclusive,  since  oxygen  concentrations  increased  and  decreased  at  monitoring 
points.  This  is  likely  due  to  the  barometric  pumping.  The  construction  of  the  monitoring  wells  also 
may  have  influenced  the  results,  because  the  monitoring  wells  are  screened  over  very  large  intervals 
(5  to  15  ft),  resulting  in  an  averaging  of  soil  gas  concentrations  across  the  depth  interval.  Typically, 
soil  gas  concentrations  are  collected  from  a  much  narrower  screened  interval  (6  inches).  Based  on  the 
soil  gas  permeability  test,  where  a  radius  of  influence  of  49  ft  was  measured,  it  is  likely  that  areas 
within  this  radius  of  influence  will  become  fully  aerated.  In  short,  a  two  day  extraction  time  frame  at 
3  scfm  is  insufficient  to  exchange  sufficient  pore  volumes  of  soil  gas  to  fully  oxygenate  the  zone  of 
influence. 

In  situ  biodegradation  rates  of  0.0050  to  0.039  mg/kg-day  were  measured  at  three  different 
locations.  Based  on  the  radius  of  influence  of  49  ft  and  a  hydrocarbon-impacted  soil  thickness  of  130 
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ft,  mass  removal  rates  via  biodegradation  are  on  the  order  of  0.19  to  1.5  lb  of  hydrocarbon  per  day. 
Thus,  mass  removal  rates  via  biodegradation  are  not  as  significant  as  the  initial  vapor  phase  removal 
rates  measured  during  the  bioslurper  test.  These  results  indicate  that  bioventing  is  probably  not 
necessary  at  this  site,  but  that  natural  attenuation  is  sufficient  to  degrade  contaminants  in  the  vadose 
zone. 

In  summary,  the  on-site  testing  at  OU-2,  George  AFB,  included  the  direct  testing  of  gravity- 
driven  and  vacuum-driven  LNAPL  free  product  recovery  techniques,  bioventing,  and  tests  relevant  to 
soil  vapor  extraction.  These  field  tests  have  demonstrated  that  free  product  removal  via  vacuum- 
enhanced  recovery  is  possible  at  significantly  greater  depths  than  the  maximum  suction  lift.  Liquid 
phase  recovery  was  sustainable  only  under  vacuum-enhanced  conditions.  Vapor  phase  mass  removal 
rates  measured  during  bioslurper  testing  may  be  the  result  of  soil  gas  removal  (i.e.  SVE)  or 
volatilization  during  liquid  entrainment.  The  generation  of  off-gas  is  undesirable  and  sustained  rates 
of  off-gas  discharge  cannot  be  estimated  accurately  from  this  test. 

Periodic  baildown  recovery  tests  are  recommended  as  a  useful  indicator  of  LNAPL  free 
product  recovery  potential.  Based  on  the  conduct  of  identical  pilot  tests  at  over  25  different  sites, 
there  have  been  several  sites  where  apparent  LNAPL  product  thicknesses  are  significant  (>3  ft). 
However,  once  the  LNAPL  free  product  is  removed  from  the  well,  it  may  take  weeks  or  months  to 
return  to  initial  apparent  thicknesses.  LNAPL  free  product  continues  to  accumulate  in  monitoring 
wells,  but  not  at  a  rate  to  make  free  product  recovery  worthwhile.  The  periodic  baildown  recovery 
test  is  the  best  method  to  verify  whether  or  not  OU-2  is  like  the  sites  described  above.  Periodic  hand 
bailing  may  also  represent  removing  LNAPL  free  product  to  the  extent  practicable. 
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1.0  INTRODUCTION 


The  U.S.  Air  Force  Center  for  Environmental  Excellence  (AFCEE)  Technology  Transfer  Division  is 
conducting  a  nationwide  application  of  an  innovative  technology  for  free-product  recovery  and  soil 
bioremediation.  The  technologies  tested  in  the  Bioslurper  Initiative  include  vacuum-enhanced  free- 
product  recovery/bioremediation  (bioslurping)  as  well  as  traditional  skimmer  and  groundwater 
depression  approaches.  The  field  test  and  evaluation  are  intended  to  demonstrate  the  feasibility  of 
free-product  recovery  by  measuring  system  performance  in  the  field.  System  performance  param¬ 
eters,  mainly  free-product  recovery,  will  be  determined  at  numerous  sites.  Field  testing  will  be 
performed  at  many  sites  to  determine  the  effects  of  different  organic  contaminant  types  and  concentra¬ 
tions  and  different  geologic  conditions  on  bioslurping  effectiveness. 

Plans  for  "the  field  test  activities  are  presented  in  two  documents.  The  first  is  the  overall  Test  Plan 
and  Technical  Protocol  for  the  entire  program  entitled  Test  Plan  and  Technical  Protocol  for 
Bioslurping  (Battelle,  1995).  The  overall  plan  is  supplemented  by  plans  specific  to  each  test  site. 

The  concise  site-specific  plans  effectively  communicate  planned  site  activities  and  operational 
parameters. 

The  overall  Test  Plan  and  Technical  Protocol  was  developed  as  a  generic  plan  for  the  Bioslurper 
Initiative  to  improve  the  accuracy  and  efficiency  of  site-specific  Test  Plan  preparation.  The  field 
program  involves  installation  and  operation  of  the  bioslurping  system  supported  by  a  wide  variety  of 
site  characterization,  performance  monitoring,  and  chemical  analysis  activities.  The  basic  methods  to 
be  applied  from  site  to  site  do  not  change.  Preparation  and  review  of  the  overall  Test  Plan  and 
Technical  Protocol  allows  efficient  documentation  and  review  of  the  basic  approach  to  the  test 
program.  Peer  and  regulatory  review  were  performed  for  the  overall  Test  Plan  and  Technical 
Protocol  to  ensure  the  credibility  of  the  overall  program. 

This  report  is  the  site-specific  Test  Plan  for  application  of  bioslurping  at  George  Air  Force  Base 
(AFB),  California.  It  was  prepared  based  on  site-specific  information  received  by  Battelle  from 
George  AFB  and  other  pertinent  site-specific  information  to  support  the  overall  Test  Plan  and 
Technical  Protocol. 


Site-specific  information  for  George  AFB  has  identified  subsurface  hydrocarbon  contamination  at  the 
Operable  Unit  2  (OU-2).  The  contamination  consists  of  JP-4  jet  fuel  resulting  from  fuel  line  spills  in 
the  Liquid  Fuels  Distribution  System.  Free  product,  as  light,  nonaqueous-phase  liquid  (LNAPL),  has 
been  detected  directly  under  and  adjacent  to  the  flight  line.  A  plume  of  dissolved  benzene,  toluene, 
ethylbenzene,  and  xylenes  (BTEX)  extends  north  (downgradient)  into  the  area  between  the  flight  line 
and  the  runway.  A  separate  plume  of  free  product  was  detected  at  EX-5  and  MW-32  where 
thicknesses  greater  than  5  ft  were  measured. 

The  OU-2  at  George  AFB  is  unique  in  that  depths  to  groundwater  are  in  the  range  of  120  to  140  ft 
bgs.  Because  this  depth  is  greater  than  maximum  suction  lift,  it  will  be  necessary  to  create  a  linear 
air  velocity  in  the  drop  tube  such  that  the  flow  will  entrain  small  droplets  of  fuel  and  water  to  be 
recovered  by  the  three  pumping  systems. 

For  best  comparison  of  recovery  data,  a  well  should  be  used  that  has  shown  appreciable  fuel  recovery 
in  past  operations.  Likely  candidates  for  the  bioslurper  demonstration  included  EX-3,  MW-5,  MW- 
18,  MW-24,  and  MW-67.  Two  mobile  free-product  recovery  systems  (MPRSs)  have  been  rotated 
primarily  among  these  wells  during  the  time  period  since  1992;  therefore,  recovery  and  recharge  data 
already  exist  for  these  wells. 


2.0  SITE  DESCRIPTION 


The  information  presented  in  this  section  was  obtained  from  documents  entitled  Treatability  Study 
Report,  Free  Product  Recovery  System  Evaluation,  Operable  Unit  2,  George  Air  Force  Base, 
California  and  addendum  work  plans  to  Free  Product  and  Dissolved  Contaminant  Study,  Operable 
Unit  2,  George  Air  Force  Base  prepared  by  IT  Corporation  in  July  1995  and  September  1994, 
respectively. 

George  AFB  is  located  in  San  Bernardino  County  in  a  relatively  flat  desert  valleyjn  the  southern  / 
portion  of  California  and  was  used  as  a  jet  fighter  base  until  its  closure  in  1992.fv~ictorville  is  the 
nearest  city.  OU-2,  in  the  east-central  portion  of  the  base,  included  the  Liquid  Fuels  Distribution 
System  (LFDS).  Main  fuel  lines  ran  north  from  the  aboveground  tank  farm  to  the  ready  reserve 
underground  storage  tanks  (USTs)  at  Facility  708.  Additional  supply  lines  connected  tanks  at  Facility 
708  to  fuel  pits,  and  distribution  lines  extended  from  the  fuel  pits  under  the  concrete  flight  line  to  the 
fuel  ports.  The  fuel  lines,  USTs,  and  fuel  pits  were  removed  in  1994,  and  the  fuel  distribution  lines 
under  the  flight  line  were  drained  and  grouted. 

Contamination  at  OU-2  consists  of  JP-4  jet  fuel  resulting  from  spills  in  the  LFDS.  A  free  product 
plume  is  found  under  the  flight  line  and  a  plume  of  dissolved  BTEX  extends  north  into  the  area 
toward  the  runway  (Figure  1).  A  separate  plume  is  likely  to  exist  northeast  of  the  main  plume  as 
evidenced  by  significant  levels  of  free  product  found  in  wells  MW-32  and  EX-5. 

Soils  at  the  site  consist  of  three  main  units.  An  upper  unit  extending  approximately  40  to  50  ft  below 
ground  surface  (bgs)  is  predominantly  sand.  The  middle  unit  is  located  at  a  depth  of  40  to  125  ft  bgs 
and  is  predominantly  clayey-sand.  The  lower  sand  unit  contains  a  perched  aquifer  and  extends  190  to 
200  ft  bgs.  The  base  of  the  aquifer  is  a  20-ft  silty  clay  lacustrine  bed. 
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OU-2,  George  AFB,  California. 


Depth  to  groundwater  at  the  site  ranges  from  approximately  120  to  140  ft  bgs,  depth  to  product 
ranges  from  120  to  127  ft  bgs,  and  product  thickness  ranges  from  0  to  8  ft.  Groundwater  depth  and 
product  thickness  measurements  for  individual  wells  can  be  found  in  Appendix  A.  With  limited  data 
on  the  subsurface  geology  and  the  lateral  extent  of  the  plume,  the  free  product  volume  was  originally 
estimated  to  be  250,000  gal.  Recharge  tests  were  conducted  by  pumping  wells  continuously  until  they 
reached  steady-state  conditions  (approximately  3  days)  and  then  recording  depth  to  product  and  depth 
to  groundwater  measurements  (Table  1). 

A  treatability  study  was  initiated  in  1992  that  utilized  three  to  four  permanent  free-product  recovery 
systems  (PPRSs)  and  two  MPRSs.  PPRSs  were  installed  in  MW-4,  EX-1,  EX-2,  and  EX-4  in  1992 
and  were  in  place  until  1994  when  the  removal  of  piping  and  storage  tanks  required  the  systems  to  be 
temporarily  removed.  PPRSs  were  reinstalled  in  EX-1,  EX-4,  and  MW-4  in  1995.  EX-2  was 
eliminated  due  to  a  slow  recovery  rate.  The  remaining  PPRS  is  to  be  installed  in  EX-5,  which  is  a 
well  located  in  the  isolated  area  of  LNAPL  northeast  of  the  main  plume.  Two  MPRSs  were  rotated 
among  various  wells  during  the  same  time  period  and  operated  primarily  on  wells  EX-3,  MW-5, 
MW-18,  MW-24,  and  MW-67.  As  of  April  11,  1995,  a  total  of  12,087  gal  of  free  product  had  been 
recovered  by  all  units  involved  in  the  study.  Rates  of  free  product  recovery  and  total  gallons 
produced  at  individual  wells  can  be  found  in  Table  2.  Recovery  rates  are  based  on  actual  run  times 
consisting  of  5-  to  30-minute  cycles  at  frequencies  of  12  to  48  cycles  per  day. 

Additional  wells  containing  significant  amounts  of  free  product  were  MW-2,  MW-7,  MW-8,  MW-10, 
and  MW-11;  however,  they  were  eliminated  from  the  study  because  the  2-inch-diameter  well  casings 
were  incompatible  with  the  recovery  systems  being  used.  A  schematic  diagram  of  all  soil  boring  and 
monitoring  well  locations  is  shown  in  Figure  2. 

Total  petroleum  hydrocarbon  (TPH)  and  BTEX  concentrations  in  soil  and  soil  gas  are  not  available  at 
this  time. 


3.0  PROJECT  ACTIVITIES 


The  field  activities  discussed  in  the  following  sections  are  planned  for  the  bioslurper  pilot  test  at 
George  AFB.  Additional  details  about  the  activities  are  presented  in  the  overall  Test  Plan  and  Tech¬ 
nical  Protocol  (Battelle,  1995).  As  appropriate,  specific  sections  in  the  overall  Test  Plan  and 
Technical  Protocol  are  referenced.  Table  3  presents  the  schedule  of  activities  for  the  Bioslurper 
Initiative  at  George  AFB. 


3.1  Design  Considerations 


Bioslurping  technology  has  generally  been  applied  to  sites  where  depth  to  groundwater  is  less  than  30 
ft  bgs.  At  these  shallow  groundwater  sites,  the  primary  mechanism  for  fluid  extraction  is  air-  lift 
pumping.  Because  the  wells  being  considered  for  the  bioslurper  pilot  test  at  George  AFB  have 
LNAPL  and  groundwater  depths  of  approximately  120  to  140  ft,  it  will  be  necessary  to  achieve  an  air 
lift  in  the  well  sufficient  to  recover  the  floating  LNAPL  from  this  depth.  As  stated  previously,  the  air 
entrainment  pumping  method  must  be  used,  because  of  the  impossibility  of  supporting  a  solid  column 
of  water  more  than  approximately  30  ft  by  vacuum  lift. 
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Table  2.  Free-Product  Recovery  Rates  and  Total  Production  at  Individual  Wells 


Well 

Type  of 
Recovery 
System 

Total  Gallons 
Produced 

Rate  of 
Recovery 
(gal/hr) 

EX-1 

Permanent 

694.7 

NA 

EX-2 

Permanent 

550.8 

NA 

EX-3 

Mobile 

2,221.4 

4.05 

EX-4 

Permanent 

469.0 

NA 

EX-5 

Permanent 

151.0 

NA 

MW-4 

Permanent 

4,224.3 

NA 

MW-5 

Mobile 

1,002.1 

2.65 

MW-18 

Mobile 

1,933.7 

3.34 

MW-24 

Mobile 

554.7 

2.02 

MW-32 

Mobile 

148.7 

NA 

MW-67 

Mobile 

46.8 

2.15 

Table  3.  Schedule  of  Bioslurper  Pilot  Test  Activities 


Pilot  Test  Activity 

Schedule 

Mobilization 

Days  1-2 

Site  Characterization 

Days  2-3 

LNAPL/Groundwater  Interface  Monitoring  and  Baildown 

Tests 

Monitoring  Point  Installation  (3  monitoring  points) 

Soil  Sampling  (BTEX,  TPH,  physical  characteristics) 

System  Installation 

Days  2-3 

Test  Startup 

Day  3 

Skimmer  Pump  Test  (2  days) 

Days  3-4 

Bioslurper  Pump  Test  (4  days) 

Days  6-9 

Soil  Gas  Permeability  Testing 

Day  6 

Skimmer  Pump  Test  (continued) 

Day  10 

In  Situ  Respiration  Test  —  Air/Helium  Injection 

Day  10 

In  Situ  Respiration  Test  —  Monitoring 

Days  11-16 

Drawdown  Pump  Test  (2  days) 

Days  11-12 

Demobilization/Mobilization 

Days  13-14 
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The  air  entrainment  pumping  method  will  lift  water  or  LNAPL  by  aerodynamic  drag.  The  airflow 
will  entrain  the  water  and  LNAPL  in  an  airstream,  which  will  carry  them  to  the  ground  surface  and 
into  the  bioslurper  separation  unit.  The  principal  advantages  of  the  air  entrainment  method  of 
pumping  are  that  water  and  floating  LNAPL  can  be  secured  from  a  deep  well,  providing  the 
conditions  at  the  site  are  suitable  for  its  use. 

A  trailer-mounted  10-hp  liquid  ring  pump  manufactured  by  Atlantic  Fluidics,  Inc.  will  be  used  to 
maintain  the  air  lift  during  the  bioslurper  pilot  test  operation.  Based  on  previous  bioslurper  pilot 
tests,  an  airflow  rate  of  approximately  50  ft3/min  has  been  extracted  under  such  conditions.  In 
addition,  the  vacuum  created  by  a  10-hp  pump  is  approximately  26  inches  of  mercury.  Assuming  a 
groundwater  depth  of  135  ft  coupled  with  a  1-in-diameter,  schedule  40  polyvinyl  chloride  (PVC)  drop 
tube,  the  maximum  linear  air  velocity  that  can  be  achieved  is  140  ft/sec. 

However,  because  it  is  necessary  to  minimize  the  rate  at  which  the  bioslurper  test  equipment  releases 
vapor  to  the  atmosphere,  a  linear  air  velocity  of  50  ft/sec  will  be  used  to  initiate  the  air  lift.  This  air 
velocity  will  result  in  minimizing  the  rate  of  vapor  discharge,  but  will  also  maintain  the  velocity 
required  to  initiate  free-product  recovery.  Under  these  conditions,  the  calculated  pressure  drop  in  the 
extraction  tube  will  be  2.7  in  Hg,  which  is  a  change  of  approximately  9%  from  atmospheric  pressure. 
Because  the  pressure  drop  in  the  extraction  tube  has  been  calculated  to  be  negligible,  the  air  lift 
created  by  the  10-hp  liquid  ring  pump  should  entrain  liquid  droplets  of  approximately  8  mm  in  size  at 
the  stated  air  velocity  rate  of  50  fit/sec. 

The  correlation  between  upward  flow  and  pressure  drop  in  a  tube  presented  above  was  used  to 
calculate  the  necessary  air  lift  required  to  entrain  liquid  droplets  or  induce  the  sheeting  or  wave  flow 
up  the  tube.  This  correlation  applies  with  reasonable  accuracy  to  the  experimental  data  on  which  it  is 
based.  However,  it  can  be  limited  in  some  forms  of  application  to  the  proposed  field  testing.  Due  to 
the  nature  and  permeability  of  the  site  soils  and  groundwater  hydraulics,  the  linear  air  velocity  might 
be  reduced  below  the  necessary  rate  to  achieve  the  air  lift.  If  this  occurs,  a  smaller  diameter  drop 
tube  could  be  utilized,  or  the  rate  of  air  flow  could  be  raised  to  greater  than  50  ft/sec  to  increase  the 
air  lift  in  the  extraction  tube.  No  correlation  between  upward  flow  and  pressure  drop  in  a  tube  will 
apply  to  all  of  the  experimental  conditions  found  in  the  field;  therefore,  it  may  be  necessary  to  modify 
the  bioslurper  system  components  to  achieve  and  maintain  the  required  air  lift  to  initiate  free  product 
recovery. 

Droplet  entrainment  is  considered  the  primary  mechanism  for  fluid  recovery  when  bioslurping  at 
depths  greater  than  30  ft  bgs;  however,  field  observations  at  previous  bioslurper  sites  indicate  that 
there  may  be  another  important  mechanism  for  fluid  extraction  from  deep  wells.  Observation  of  fluid 
movement  in  the  clear  portion  of  the  vertical  drop  tube  demonstrates  that  much  of  the  extracted  water 
is  being  pushed  up  the  inside  walls  of  the  tube  in  sheets  or  waves.  Anecdotal  evidence  indicates  that 
this  phenomenon  can  be  accomplished  at  lower  velocities  than  required  for  droplet  entrainment.  As 
part  of  the  George  AFB  bioslurper  study,  an  attempt  to  quantify  the  velocity  requirements  to  induce 
"sheeting"  or  "wave"  flow  will  be  made  during  the  skimming  portion  of  the  test. 
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3.2  Mobilization  to  the  Site 


After  the  site-specific  Test  Plan  has  been  approved,  Battelle  staff  will  mobilize  equipment  to  the  site.- 
Some  of  the  equipment  will  be  shipped  via  air  express  to  George  AFB  prior  to  staff  arrival.  The 
Base  Point-of-Contact  (POC)  will  have  been  asked  in  advance  to  find  a  suitable  holding  facility  to 
receive  the  bioslurper  pilot  test  equipment  so  that  it  will  be  easily  accessible  to  the  Battelle  staff  when 
they  arrive  with  the  remainder  of  the  equipment.  The  exact  mobilization  date  will  be  confirmed  with 
the  Base  POC  as  far  in  advance  of  fieldwork  as  is  possible.  The  Battelle  POC  will  provide  the  Base 
POC  with  information  on  each  Battelle  employee  who  will  be  on  site.  Battelle  personnel  will  be 
mobilized  to  the  site  after  confirmation  that  the  shipped  equipment  has  been  received  by  George  AFB. 

In  addition,  Battelle  requests  that  the  free-product  recovery  systems  already  in  place  at  OU-2  as  part 
of  the  treatability  study  will  be  turned  off  1  week  prior  to  the  initiation  of  fieldwork.  This  will  be 
important  in  assuring  quality  data  from  the  bioslurper  pilot  test. 


3.3  Site  Characterization  Tests 


3.3.1  Baildown  Tests 

The  baildown  test  is  the  primary  test  for  selection  of  the  bioslurper  test  well.  Baildown  tests  are  also 
useful  for  the  evaluation  of  actual  versus  apparent  free-product  thicknesses.  Baildown  tests  will  be 
performed  at  wells  that  contain  measurable  thicknesses  of  LNAPL  to  estimate  the  LNAPL  recovery 
potential  at  those  particular  wells.  In  most  cases,  the  well  exhibiting  the  highest  rate  of  LNAPL 
recovery  will  be  selected  for  the  bioslurper  extraction  well.  A  sample  of  free  LNAPL  will 
be  collected  at  this  point  for  analyses  of  boiling  point  distribution  and  BTEX  concentration.  Detailed 
procedures  for  the  baildown  tests  are  provided  in  Section  5.6  of  the  overall  Test  Plan  and  Technical 
Protocol  (Battelle,  1995). 

3.3.2  Soil  Gas  Survey  (Limited) 

A  soil  gas  survey  will  not  be  conducted  at  this  site  due  to  the  significant  depth  to  groundwater. 

3.3.3  Monitoring  Point  Installation 

Existing  monitoring  points  or  wells  will  be  used  to  perform  subsurface  monitoring. 

3.3.4  Soil  Sampling 

Soil  sampling  will  not  be  conducted  at  this  site  due  to  the  significant  depth  to  groundwater. 


3.4  Bioslurper  System  Installation  and  Operation 


Once  the  well  to  be  used  for  the  bioslurper  test  installation  at  George  AFB  has  been  identified,  the 
bioslurper  pump  and  support  equipment  will  be  installed  and  pilot  testing  will  be  initiated. 
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3.4.1  System  Setup 


After  the  preliminary  site  characterization  has  been  completed  and  the  bioslurper  candidate  well  has 
been  selected,  the  shipped  equipment  will  be  mobilized  from  the  holding  facility  to  the  test  site,  and 
the  bioslurper  system  will  be  assembled.  Figure  3  shows  a  flow  diagram  of  the  bioslurper  process. 
Figure  4  illustrates  a  typical  bioslurper  well  that  will  be  used  at  George  AFB. 

Before  the  LNAPL  recovery  tests  .are  initiated,  all  relevant  baseline  field  data  will  be  collected  and 
recorded.  These  data  will  include  soil  gas  concentrations,  initial  soil  gas  pressures,  the  depth  to 
groundwater,  and  the  LNAPL  thickness.  Ambient  soil  and  all  atmospheric  conditions  (e.g.,  tempera¬ 
ture,  barometric  pressure)  also  will  be  recorded.  All  emergency  equipment  (i.e.,  emergency  shutoff 
switches  and  fire  extinguishers)  will  be  installed  and  checked  for  proper  operation  at  this  time. 

A  clear,  level,  20-ft  by  10-ft  area  near  the  well  selected  for  the  bioslurper  test  installation  will  be 
identified  to  station  the  equipment  required  for  bioslurper  system  operation.  Additional  information 
on  bioslurper  system  installation  is  provided  in  Section  6.0  of  the  overall  Test  Plan  and  Technical 
Protocol  (Battelle,  1995). 

3.4.2  System  Shakedown 

A  brief  startup  test  will  be  conducted  to  ensure  that  the  system  is  constructed  properly  and  operates 
safely.  All  system  components  will  be  checked  for  problems  and/or  malfunctions.  A  checklist  will 
be  provided  to  document  the  system  shakedown. 

3.4.3  System  Startup  and  Test  Operations 

After  installation  is  complete  and  the  bioslurper  system  is  confirmed  to  be  operating  properly,  the 
LNAPL  recovery  tests  will  be  started.  The  Bioslurper  Initiative  has  been  designed  to  evaluate  the 
effectiveness  of  bioslurping  as  an  LNAPL  recovery  test  technology  relative  to  conventional  gravity- 
driven  LNAPL  recovery  technologies.  The  Bioslurper  Initiative  includes  three  separate  LNAPL 
recovery  tests:  (1)  a  skimmer  pump  test,  (2)  a  bioslurper  pump  test,  and  (3)  a  drawdown  pump  test. 
The  three  recovery  tests  are  described  in  detail  in  Section  7.3  of  the  overall  Test  Plan  and  Technical 
Protocol  (Battelle,  1995). 

The  bioslurper  system  operating  parameters  that  will  be  measured  during  operation  are  vapor 
discharge,  aqueous  effluent,  LNAPL  recovery  volume  rates,  vapor  discharge  volume  rates,  and 
groundwater  discharge  volume  rates.  Vapor  monitoring  will  consist  of  periodic  monitoring  of  TPH 
using  hand-held  instruments  supplemented  by  two  samples  collected  for  detailed  laboratory  analysis. 
Two  samples  of  aqueous  effluent  will  be  collected  for  analysis  of  BTEX  and  TPH.  Recovered 
LNAPL  volume  will  be  recorded  using  an  in-line  flow-totalizing  meter.  The  off-gas  discharge 
volume  will  be  measured  using  a  calibrated  pitot  tube,  and  the  groundwater  discharge  volume  will  be 
recorded  using  an  in-line  flow-totalizing  meter.  Section  8.0  of  the  overall  Test  Plan  and  Technical 
Protocol  describes  process  monitoring  of  the  bioslurper  system  (Battelle,  1995). 

3.4.4  Soil  Gas  Profile/Oxygen  Radius  of  Influence  Test 

Changes  in  soil  gas  profiles  will  be  measured  before  and  during  the  bioslurper  pump  test.  Soil  gas 
will  be  monitored  for  concentrations  of  oxygen,  carbon  dioxide,  and  TPH  using  field  instruments. 
These  measurements  will  be  used  to  determine  the  oxygen  radius  of  influence  of  the  bioslurper. 
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Figure  3.  Bioslurper  Process  Flow  at  OU-2 ,  George  AFB,  California. 
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Figure  4.  Schematic  Diagram  of  a  Typical  Bioslurper  Well. 
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3.4.5  Soil  Gas  Permeability  Tests 

A  soil  gas  permeability  test  will  be  conducted  concurrently  with  startup  of  the  bioslurper  pump  test. 
Soil  gas  permeability  data  will  support  the  process  of  estimating  the  vadose  zone  radius  of  influence 
of  the  bioslurper  system.  Soil  gas  permeability  results  also  will  aid  in  determining  the  number  of 
wells  required  if  it  is  decided  to  treat  the  site  with  a  full-scale  bioslurper  system.  The  soil  gas 
permeability  test  method  is  described  in  Section  5.7  of  the  overall  Test  Plan  and  Technical  Protocol 
(Battelle,  1995). 

3.4.6  LNAPL  and  Groundwater  Level  Monitoring 

During  the  bioslurper  pump  test,  the  LNAPL  and  groundwater  levels  will  be  monitored  in  a  well 
adjacent  to  the  extraction  well  if  such  a  well  exists.  The  top  of  the  monitoring  well  will  be  sealed 
from  the  atmosphere  to  contain  the  subsurface  vacuum.  Additional  information  for  the  monitoring  of 
fluid  levels  is  provided  in  Section  4.3.4  of  the  overall  Test  Plan  and  Technical  Protocol  (Battelle, 
1995). 

3.4.7  In  Situ  Respiration  Test 

An  in  situ  respiration  test  will  be  conducted  after  completion  of  the  bioslurper  pilot  tests.  The  in  situ 
respiration  test  will  involve  injection  of  air  and  helium  into  selected  soil  gas  monitoring  points 
followed  by  monitoring  changes  in  concentrations  of  oxygen,  carbon  dioxide,  TPH,  and  helium  in  soil 
gas  at  the  injection  point.  Measurement  of  the  soil  gas  composition  typically  will  be  conducted  at  2, 

4,  6,  and  8  hours  and  then  every  4  to  12  hours  for  about  2  days.  The  timing  of  the  tests  will  be 
adjusted  based  on  the  oxygen-use  rate.  If  oxygen  depletion  occurs  rapidly,  more  frequent  monitoring 
will  be  required.  If  oxygen  depletion  is  slow,  less  frequent  readings  will  be  acceptable.  The  oxygen 
utilization  rate  will  be  used  to  estimate  the  biodegradation  rate  at  the  site.  Further  information  on  the 
procedures  and  data  collection  of  the  in  situ  respiration  test  is  provided  in  Section  5.8  of  the  overall 
Test  Plan  and  Technical  Protocol  (Battelle,  1995). 

3.4.8  Extended  Testing 

The  Air  Force  has  the  option  of  extending  the  operation  of  the  bioslurper  system  for  up  to  6  months 
at  George  AFB,  if  LNAPL  recovery  rates  are  promising.  If  extended  testing  is  to  be  performed, 
additional  site  support  will  be  required.  The  Air  Force  will  need  to  provide  electrical  power  for  long¬ 
term  operation  of  the  bioslurper  pump.  Disposition  of  all  generated  wastes  and  routine  operation  and 
maintenance  of  the  system  will  be  the  Air  Force’s  responsibility.  Battelle  will  provide  technical 
support  during  the  extended  testing  operation. 

If  the  extended  testing  option  is  exercised,  Battelle  is  scoped  to  remain  on  site  an  additional  2  days 
after  the  short-term  pilot  test  is  completed.  The  additional  time  on  site  will  allow  for  connection  of 
the  bioslurper  system  to  Air  Force-supplied  power.  Battelle  will  provide  the  base  with  a  detailed 
operation  manual  for  the  bioslurper  system  and  will  provide  operations  training  to  Air  Force 
personnel.  The  Base  POC  will  be  given  a  project  record  book  to  record  system  data.  The  POC  will 
be  given  a  Battelle  contact  and  an  alternative  contact  for  technical  assistance  and  will  be  contacted 
weekly  for  updates  on  system  operation.  At  the  end  of  the  extended  testing  option  (up  to  6  months  of 
operation)  Battelle  will  return  to  the  site  to  remove  all  bioslurper  equipment.  All  waste  generated 
during  the  operation  of  the  bioslurper  system  will  be  the  responsibility  of  the  Air  Force. 
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3.5  Demobilization 


Once  all  necessary  tests  have  been  completed  at  the  George  AFB  site,  the  equipment  will  be 
disassembled  by  Battelle  staff.  The  equipment  then  will  be  moved  back  to  the  holding  facility,  where 
it  will  remain  until  its  next  destination  is  determined.  Battelle  staff  will  receive  this  information  and 
will  be  responsible  for  shipment  of  the  equipment  to  the  next  site  before  they  leave  George  AFB. 


4.0  BIOSLURPER  SYSTEM  DISCHARGE 
4.1  Vapor  Discharge  Disposition 


Battelle  expects  that  the  operation  of  the  bioslurper  test  system  at  George  AFB  will  require  a  waiver 
or  a  point  source  air  release  registration  and  may  require  some  additional  permits.  The  Air  Force  has 
informed  Battelle  that  the  TPH  and  benzene  vapor  discharge  limit  for  the  bioslurper  pilot  test  will  be 
25  lb/day.  This  limit  may  be  difficult  to  achieve  given  the  velocity  of  air  flow  needed  for  free 
product  recovery.  The  data  for  benzene  and  TPH  discharge  levels  for  six  previous  bioslurper  sites 
are  presented  in  Table  4.  The  discharge  value  may  vary  depending  on  concentrations  in  soil  gas  and 
the  permeability  of  the  soil. 


Table  4.  Benzene  and  TPH  Vapor  Discharge  Levels  at  Previous  Bioslurper  Test  Sites 


Site  Location 

Fuel  Type 

Extraction 

Rate 

(scfm) 

Benzene 

(ppmv) 

TPH 

(ppmv) 

Benzene 

Discharge 

(lb/day) 

TPH 

Discharge 

(lb/day) 

Andrews  AFB 

No.  2  Fuel  Oil 

8.0 

16 

2,000 

0.0010 

0.20 

Site  1 ,  Bolling  AFB 

No.  2  Fuel  Oil 

4.0 

0.20 

153 

0.00030 

0.0090 

Site  2,  Bolling  AFB 

Gasoline 

21 

370 

70,000 

2.3 

470 

Johnston  Atoll 

Jet  Fuel 

10 

0.60 

975 

0.0017 

5.7 

Travis  AFB 

Jet  Fuel 

20 

100 

10,800 

0.58 

130 

Wright-Patterson  AFB 

Jet  Fuel 

3.0 

ND 

595 

0 

1.0 

ND ,  =  Not  detected. 


To  ensure  the  safety  and  regulatory  compliance  of  the  bioslurper  system,  field  soil  gas  screening 
instruments  will  be  used  to  monitor  vapor  discharge  concentration.  The  volume  of  vapor  discharge 
will  be  monitored  daily  using  air  flow  instruments.  If  the  field  screening  instruments  show  that  the 
vapor  discharge  limit  of  25  lb/day  will  be  exceeded,  an  air  release  registration  and/or  vapor  treatment 
may  be  required.  If  vapor  treatment  is  required,  alternative  plans  will  be  developed  for  short-term 
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and  long-term  testing.  Table  5  presents  information  typically  required  to  complete  an  air  release 
registration  form. 


Table  5.  Air  Release  Summary  Information 


Data  Item 

Air  Release  Information 

Contractor  Point-of-Contact 

Jeff  Kittel,  (614)  424-6122 

Contractor  address 

Battelle,  505  King  Avenue, 

Columbus,  OH  43201 

Estimated  total  quantity  of  petroleum  product  to  be  recovered 

To  be  determined 

Description  of  petroleum  product  to  be  recovered 

JP-4  jet  fuel 

Planned  date  of  test  start 

To  be  determined 

Test  duration 

9-10  days  (active  pumping) 

Maximum  expected  volatile  organic  compound  level  in  air 

—25  lb/day  TPH  and  benzene 

Stack  height  above  ground  level 

10  ft 

4.2  Aqueous  Influent/Effluent  Disposition 


The  flowrate  of  groundwater  pumped  by  the  bioslurper  will  be  less  than  5  gpm.  However,  it  may  be 
necessary  in  California  to  obtain  a  groundwater  pumping  waiver  or  registration  permit.  If  one  is 
required,  the  Base  POC  will  inform  Battelle  of  the  necessary  steps  in  obtaining  the  waiver  or  permit. 
The  intention  of  Battelle  staff  will  be  to  dispose  of  the  wastewater  by  discharge  directly  to  the  Base 
wastewater  treatment  facility. 


4.3  Free-Product  Recovery  Disposition 


The  bioslurper  system  will  recover  free-phase  product  from  the  pilot  tests  performed  at  George  AFB. 
Recovered  free  product  will  be  turned  over  to  the  Base  for  disposal  and/or  recycling.  The  volume  of 
free  product  recovered  from  the  Base  will  not  be  known  until  the  tests  have  been  performed.  The 
maximum  recovery  rate  for  this  system  is  5  gpm,  but  the  actual  rate  of  LNAPL  recovery  likely  will 
be  much  lower. 
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5.0  SCHEDULE 


The  schedule  for  the  bioslurper  fieldwork  at  George  AFB  will  depend  on  approval  of  this  Site- 
Specific  Test  Plan.  Battelle  will  determine  a  definitive  schedule  as  soon  as  possible  after  approval  is 
received.  Battelle  will  have  two  to  three  staff  members  on  site  for  approximately  2  weeks  to  conduct 
all  necessary  pilot  testing.  At  the  conclusion  of  the  field  testing  at  George  AFB,  all  staff  will  return 
their  Base  passes.  Battelle  staff  will  remove  all  bioslurper  field  testing  equipment  from  the  Base 
before  they  leave  the  site. 


6.0  PROJECT  SUPPORT  ROLES 


This  section  outlines  some  of  the  major  functions  of  personnel  from  Battelle,  George  AFB,  and 
AFCEE  during  the  bioslurper  field  test. 


6.1  Battelle  Activities 


The  obligations  of  Battelle  in  the  Bioslurper  Initiative  at  George  AFB  will  be  to  supply  all  staff  and 
equipment  necessary  to  perform  all  the  tests  on  the  bioslurper  system.  Battelle  also  will  provide 
technical  support  in  the  areas  of  water  and  vapor  discharge  permitting,  digging  permits,  staff  support 
during  the  extended  testing  period,  and  any  other  technical  areas  that  need  to  be  addressed. 


6.2  George  AFB  Support  Activities 


To  support  the  necessary  field  tests  at  George  AFB,  the  Base  must  be  able  to  provide  the  following: 

a.  Any  digging  permits  and  utility  clearances  that  need  to  be  obtained  prior  to  the 
initiation  of  the  fieldwork.  Any  underground  utilities  should  be  clearly  marked  to 
reduce  the  chance  of  utility  damage  and/or  personal  injury  during  soil  gas  probe  and 
possible  well  installation.  Battelle  will  not  begin  field  operations  without  these 
clearances  and  permits. 

b.  The  Air  Force  will  be  responsible  for  obtaining  Base  and  site  clearance  for  the 
Battelle  staff  that  will  be  working  at  the  Base.  The  Base  POC  will  be  furnished  with 
all  necessary  information  on  each  staff  member  at  least  1  week  prior  to  field  startup. 

c.  Access  to  the  local  sanitary  sewer  must  be  furnished  so  that  Battelle  staff  can 
discharge  the  bioslurper  aqueous  effluent  directly  to  the  Base  treatment  facility. 

d.  Regulatory  approval,  if  required,  must  be  obtained  by  the  Base  POC  prior  to  startup 
of  the  bioslurper  pilot  test.  As  stated  previously,  it  is  likely  that  a  waiver  or  permit  to 
allow  air  releases  or  a  point  source  air  release  registration  will  be  required  for 
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emissions  of  approximately  25  Ib/day  of  TPH  and  benzene  without  treatment.  A 
waiver  for  pumping  and  discharging  groundwater  at  a  rate  of  5  gpm  may  be  required. 
The  Base  POC  will  obtain  all  necessary  Base  permits  prior  to  mobilization  to  the  site. 
Battelle  will  provide  technical  assistance  in  preparing  regulatory  approval  documents. 

e.  The  Base  also  will  be  responsible  for  the  disposition  of  all  waste  generated  from  the 
pilot  testing.  Such  waste  includes  any  soil  cuttings  generated  from  drilling,  and  all 
aqueous  wastestreams  produced  from  the  bioslurper  tests.  All  free  product  recovered 
from  the  bioslurper  operation  will  be  disposed  of  or  recycled  by  the  Base.  Battelle 
will  provide  technical  assistance  in  disposing  of  the  waste  generated  from  the 
bioslurper  pilot  test. 

f.  Before  field  activities  begin,  the  Health  and  Safety  Plan  will  be  finalized  with 
information  provided  by  the  Base  POC.  Table  6  is  a  checklist  for  the  information 
required  to  complete  the  Health  and  Safety  Plan  and  is  based  on  information  obtained 
in  1994.  All  emergency  information  will  be  obtained  by  the  Site  Health  and  Safety 
Office  before  operations  begin. 


6.3  AFCEE  Activities 


The  AFCEE  POC  will  act  as  a  liaison  between  Battelle  and  George  AFB  staff.  The  AFCEE  POC 
will  ensure  that  all  necessary  permits  are  obtained  and  that  the  space  required  to  house  the  bioslurper 
field  equipment  is  found. 

The  following  list  provides  the  Battelle,  AFCEE,  and  George  AFB  staff  who  can  be  contacted  in  case 
of  emergency  and/or  for  required  technical  support  during  the  Bioslurper  Initiative  tests  at  George 
AFB. 


Battelle  POCs  Jeff  Kittel  (614)424-6122 

Eric  Drescher  (614)  424-3088 

AFCEE  POC  Patrick  Haas  (210)  536-4314 

George  AFB  POC 
Regulatory  POCs 
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Table  6,  Health  and  Safety  Information  Checklist 


Emergency  Contacts 


Hospital 

Fire  Department 
Base  Fire  Station 
Ambulance  and  Paramedics 
Police  Department  (County  Sheriff) 
EPA  Emergency  Response  Team 
Program  Contacts 


Name 

Victor  Valley  Community 
Hosp. 

Victorville  Fire  Dept. 


Emergency  Switchboard 
Emergency  Switchboard 
Switchboard 


Telephone  Number 


(619)  245-8691 
911/(619)  955-5221 
(619)  246-6479~» 
911/(619)  245-9342  . 
911/(619)  245-4211 
(800)  424-8802 


Air  Force 
Battelle 


George  AFB 


Other 


Emergency  Routes 


Patrick  Haas  (210)  536-4314 

Jeff  Kittel  (614)  424-6122 

Eric  Drescher  (614)  424-3088 


Bofe  Saw.**-**11""*'  c&n)  z.4fa- *3*0 

5ate&-  /fir  2V6-33/S 


Hospital 


ff/H2.crLi)  Rt&h 


Other 
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APPENDIX  A 


GROUNDWATER  DEPTH  AND  FREE-PRODUCT  THICKNESS  AT  OU-2, 
GEORGE  AFB,  CALIFORNIA 


I 
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TABLE  1-1 

Groundwater  Depth  and  Product  Thickness 
George  AFB,  California 
Project  No.  409860 
(Sheet  1  of  2) 


Monitor 

Weil 

Casing  Sev. 
(ft  msi) 

Surfaca  0ev. 
(ft  msi) 

Watar  Sav. 
(ft  msi) 

Water  Depth 
(feet) 

JP-4  Elevation 
(feet) 

Product  Thickness 
(feet) 

Data 

MamiitaH 

PMW-1 

2376.01 

2876.42 

2807.75 

68.26 

67.93 

0.33 

MW-1 

2875.64 

2876.24 

2747.92 

127.72 

- 

O/ w 

o/q/Qc 

MW-2 

2877.31 

2877.69 

2747.18 

130.13 

128.34 

1.79 

3/9/95 

MW-3 

2874.1 

2874.39 

2746.51 

127.59 

127.14 

0.45 

3/9/95 

MW4 

2874.86 

2875.03 

2745.51 

129.35 

126.92 

2.43 

3/22/95 

MW-5 

2875.04 

2875.44 

2743.3 

131.74 

127.02 

4.72 

3/22/95 

MW-6 

2874.19 

2874.49 

2746.6 

127.59 

- 

- 

3/9/95 

MW-7 

2874.76 

2874.96 

2745.67 

129.09 

126.14 

2.95 

3/9/95 

MW-8 

2875.33 

2875.43 

2746.09 

129.24 

127.18 

2.06 

3/9/95 

MW-9 

2873.6 

2873.89 

2745.82 

127.78 

126.82 

0.96 

3/9/95 

MW-10 

2871.45 

2871.7 

2743.19 

128.26 

125.08 

3.18 

3/9/95- 

;  mw-1  i 

2872.46 

2872.71 

2744.58 

127.88 

126.52 

1.36 

3/9/95- 

MW-1  2 

2871.04 

2871.35 

2745.3 

125.74 

125.73 

0.01 

3/9/95 

MW-1  3 

2877.02 

2877.39 

2748.37 

128.65 

MW-1 4 

2873.68 

2874.05 

2748.04 

125.64 

_ 

z/1 8/95 

OMone 

MW-1  5 

2878.57 

2879.12 

2748.27 

130.30 

z/1  0/95 

*7/1  Q/OC 

MW-1  6 

2874.02 

2874.42 

2747.53 

126.49 

Z/  1  a/35 
0/1  o/oc 

MW-1 7 

2870.73 

2871.04 

2744.07 

126.66 

- 

3/2/95 

MW-1 8 

2872.43 

2872.73 

2745.66 

126.77 

125.26 

1.51 

3/22/95 

MW-1 9 

2875.88 

2876.24 

2746.82 

129.06 

- 

3/6/95 

MW-20 

2873.95 

2874.52 

2746.06 

127.89 

127.06 

0.83 

3/9/95 

MW-21 

2867.94 

2868.05 

2744.8 

123.14 

- 

3/2/95 

MW-22 

2873.90 

2874.24 

2745.74 

128.16 

- 

3/6/95 

MW-23 

2870.26 

2870.52 

2745.23 

125.03 

125.02 

0.01 

3/9/95 

MW-24 

2868.12 

2868.46 

2740.68 

1 27.44 

122.23 

5.21 

3/9/95 

MW-25 

2870.85 

2871.17 

2744.94 

125.91 

125.42 

0.49 

3/9/95 

MW-2  6 

2864.63 

2865.02 

2743.49 

121.14 

- 

3/2/95 

MW-27 

2868.69 

2869.05 

2745.07 

123.62 

- 

3/2/95 

MW-28 

2861.60 

2862.34 

2740.52 

121.08 

_ 

3/2/95 

MW-29 

2864.70 

2865.09 

2741.95 

122.75 

. 

3/2/95 

MW-30 

2867.75 

2868.1 1 

2743.13 

124.62 

.  3/6/95 

MW-31 

2861.90 

2862.12 

2739.68 

1  22.22 

_ 

3/2/95 

MW-32 

2863.84 

2864.56 

2737.64 

126.20 

120.94 

5.26 

3/2/95 

MW-3  3 

2859.27 

2859.82 

.  2739.03 

120.24 

. 

3/2/95 

’  MW-34 

2864.97 

2865.50 

2741.39 

.  123.58 

3/6/95 

MW-3  5 

2856.90 

2856.99 

2737.81 

119.09 

_ 

3/2/95 

MW-3  6 

2861.17 

2861.49 

2738.78 

122.39 

3/2/95 

MW-3  a 

2878.46 

2878.86 

2749.17 

129.29 

_ 

3/2/95 

MW-3  9 

2873.88 

2873.78 

2748.75 

125.13 

- 

3/2/95 

MW-40 

2869.06 

2868.97 

2747.12 

121.94 

3/2/95 

MW-41 

2880.41 

2880.70 

2748.89 

131.52 

3/7/95 

MW-42 

2873.34 

2873.54 

2745.54 

127.80 

_ 

3/6/95 

MW-43 

2877.15 

2877.34 

2747.3 

129.85 

* 

_ 

3/6/95 

MW-44 

2878.67 

2878.66 

2747.37 

131.30 

_ 

3/6/95 

MW-45 

2862.28 

2862.49 

2740.93 

121.35 

3/2/95 

MW-46 

2858.48 

2858.76 

2738.46 

120.02 

_ 

3/2/95 

MW-47 

2859.42 

2859.73 

2739.04 

120.38 

_ 

3/2/95 

MW-48 

2881.98 

2882.30 

2748.84 

133.14 

* 

3/2/95 

MW-49 

2882.37 

2882.62 

2748.53 

133.84 

. 

_ 

3/2/95 

MW-50 

2866.44 

2867.26 

2737.66 

128.78 

120.39 

8.39 

3/2/95 

MW-51 

2865.02 

2865.94 

2743.2 

121.82 

_ 

3/2/95 

MW-5  2 

2882.49 

2882.84 

2739.79 

142.70 

.. 

3/2/95 

H:\QARlV40913T\wecr-efvjb* 


TABLE  1-1 

Groundwater  Depth  and  Product  Thickness 
George  AFB.  California 
Project  No.  409860 
(Sheet  2  of  2) 


Monitor 

Well 


Casing  Bev. 


MW-53 

2882.80 

2882.89 

2742.74 

140.06 

MW-54 

2861.68 

2862.03 

2738.14 

123.54 

MW- 5  5 

2862.22 

2862.41 

2740.9 

121.32 

MW-56 

2874.67 

2874.96 

2749.09 

125.58 

MW-57 

2870.58 

2870.53 

2743.8 

126.78 

MW-58 

2867.84 

2868.14 

2742.42 

1 25.42 

MW-59 

2881.55 

2881.96 

2747.48 

134.07 

MW-60 

2881.18 

2881.30 

2747.78 

133.40 

MW-61 

2883.80 

2884.23 

2748.67 

135.13 

MW-62 

2870.61 

2871.19 

2748.31 

122.30 

MW-53 

2859.51 

2859.90 

2741.19 

118.32 

MW-64 

2856.48 

2857.23 

2738.16 

118.32 

MW-65 

2869.22 

2869.41 

2743.71 

125.51 

MW-67 

2864.39 

n/a 

2741.52 

122.87 

MW-69 

2864.74 

2863.29 

2741.89 

122.85 

MW-70 

2862.61 

2864.99 

2741.11 

121.50 

MW-71 

2863.69 

2863.09 

2741.55 

122.14 

MW-72 

2881.43 

2863.93 

2748.43 

133.00 

MW-73 

2881.31 

2882.21 

2747.96 

133.35 

MW-74 

2881.28 

2882.19 

2748.28 

133.00 

MW-75 

2880.88 

2881.60 

2745.8 

135.08 

EX-1 

2874.90 

2875.51 

2744.86 

130.04  ' 

EX-2 

2875.97 

2876.64 

2746 

129.97 

EX-3 

2872.18 

2872.72 

2744.69 

127.49 

EX-4 

2871.29 

2871.8 

2742.95 

128.34 

EX-5 

2863.29 

2864.18 

2737.76 

125.53 

125.49 

121.57 


126.64 

127.35 

125.60 

125.07 

120.31 


ft  msl  =  feet  mean  sea  level 

*  =  Well  not  screened  to  the  top  of  the  aquifer. 
JP-4  =  Jet  propulsion  fuel  4. 


Oat* 

Measured 


3/2/95 
3/2/95 
3/2795  . 
3/2/95 
3/2/95 
3/6/95 
3/2/95 
3/2/95 
3/2/95 
3/2/95 
3/2/95 
3/2/95 
3/9/95 
3/2/95 
3/7/95 
3/2/95 
3/5/95 
3/7/95 
3/7/95 
3/7/95 
3/7/95- 
2/13/95 
2/9/95 
2/13/95 
2/9/95 
3/30/95 
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APPENDIX  B 
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@7/18/96  16:15:02  UNIT  182 
100  1859.  168.  F  166. F 

617. F 

53. 

124.3 

-0.5 

@7/18/96  16:17:19  UNIT  182 

1@@  2@25.  167. F  17@. F 

751.F 

53. 

21.4 

-0.5 

@7/18/96  17:19:37  UNIT  182 

1@0  2032.  177.F  186.F 

1069. F 

52. 

-1.4;, 

25.0 

0 7/18/96  17:20:16  UNIT  182 
100  1963.  178. F  ..  185. F 

1@66.  F 

52. 

-1.4 

23.3 

@7/18/96  17:2@:52  UNIT  182 
10@  1997.  178.F  185. F 

1063. F 

52. 

1.2 

<“>«  7 
.w  il «  — 

07/18/96  17:23:28  UNIT  182' 
1@0  1987.  178. F  184. F 

1057.F 

cn 

13.8 

12,7 

07/18/96  17? 26? 43  UNIT  182 
100  2007,  '  179. F  104. F 

1@47. F 

52. 

23.0 

-0.1 

07/18/96  17:32:39  UNIT  182 
100  1849.  177.Fr  182. F 

924.  F 

52. 

22,8 

—ft  4  J 

@7/18/96  17:32:47.  UNIT  182 
1@@  1935.  177. F  .  183.F 

939,  F 

52' 

"  23,9 

-0.6 

@7/18/96  17:33:25  UNIT  182 

100  2181.  177. F  183. F 

936,  F 

52.; 

30.4 

-0.6 

07/18/96  18; 00? 00  UNIT  182 
100  2071.  178. F  185. F 

1075.F 

52. 

...  ^0,3 

25.0 

07/18/96. 19:00:00  UNIT  182 
100  2050.  176. F  184. F 

1072. F 

■52. 

...  -0.3 

24.4 

07/18/96  20: 00; 00  UNIT  182 
100  2036.  .  173, F  181. F 

1071. F 

52. 

>  -0.3 

24.5 

07/18/96  21:00:00  UNIT  1S2 
100  2028.  170, F  179.F 

1@71. F 

52, 

-0.3 

24.6 

07/18/96  22? 00; 00  UNIT  182 
100  2041.  168. F  176. F 

1075, F 

52. 

-0,3 

24.6 

07/18/96  23: 00; 00  UNIT  102 

i@@  2@35.  160. F  176. F 

1075. F 

52. 

-0.2 

24.6 

07/19/96  00; 00? 00  UNIT  182 
100  2053.  168. F  175, F 

1074, F 

52. 

-0.2 

24.6 

07/19/96  01: 00? 00  UNIT  182 
100  2106.  167, F  174, F 

1071. F 

52. 

0.2 

26.2 

@7/19/96  02:@0:0@  UNIT  182 
1@@  2057.  167. F  173.F 

1070. F 

52. 

H  7 
i.U 

25.2 

07/19/96  03; 00? 00  UNIT  102 

100  2050.  166.F  172.F 

1068. F 

cn 

•Ji. 

_0  3 

L-J  ,  i 

07/19/96  04:00:00  UNIT  182 

100  2062,  167. F  175. F 

1068. F 

52, 

24.7 

07/19/96  05:00:00  UNIT  182 

100  2074,  167, F  174. F 

1065, F 

52, 

-2.2 

24.6 

07/19/96  06:00:00  UNIT  182 

100  2060.  168, F  174, F 

1065. F 

52. 

-7  7 

24.5 

v  0. 

-21. 

12 .6 

9.7 

*  ■.  . 

0*681 

0.00 

110.  ; 

,549 

1324 

;,:tf  0.  ' 

.-20. 

.13.4 

^9.7'; 

0.681 

0.00 

VJ*  “  * 

no ; 

"549 

1324 

. -i.V 

■>i  '  > 

0*  - 

“20  r 

>  9j 

0.681 

"'0.-00: 

549 

1324 

ft  V 

> 

*  ♦  / 

. ..  v 

<  • 

»<?;• 

•  ?  0.  ‘ 

-20. 

13/5; 

■  9.7. 

@.681 

* 

•  ?  0.00  / 

lk 

549 

1324, 

0. 

-20. 

.  ..  13.5  T;  9.7 

.0.681 

0,00 

110  ‘ 

'550 

1324 

0. 

-20,; 

*  13.5 

58.4 

0.583 

0.00 

110 

55j 

1324 

158. 

-22. 

:  43,4 

i  -  ‘ 

68.1 

0.564 

0.77 

110 

595 

1325, 

152. 

-2iV. 

13.4 

69.6 

0.561 

0.76 

110 

595 

1325, 

145/' 

-21, 

13-4 

67.1 

0,566 

0.73 

110 

595  ' 

1325, 

94. ; 

-IB. 

,  13.4 

65.0 

0.568 

0 . 00 

110 

597 

1325, 

r  41. 

-17./ 

13,5 

66,5 

0.567 

0,88 

110 

600 

1325. 

28. 

-17. 

^13.4 

;  64.3 

0.571 

0.00 

110 

611 

1325, 

"  28.  * 

-17. 

.  13.4 

65.7  , 

0.569 

1.50 

110 

611 

1325, 

35. 

-17.  • 

•’13. 4 

59.9- 

0.580 

i .  Li. 

110 

611 

1 T-25 , 

157. 

-21.' 

13.4 

67.2 

0,566 

0.82 

110 

uC*  j 

1326, 

156. 

-20/ 

:  13.4 

.  65,0  , 

0.570 

0.86 

110 

686 

1327. 

155. 

-20, 

13.5 

; 64.3  - 

0.571 

0.89 

110 

742 

1320, 

156. 

-20. 

. '  13.5  - 

■■  62.6 

0.575 

0.94 

110 

800 

1329. 

156.  •  . 

-20. 

13,6 

63,3 

0.573 

0.95 

110 

859 

156, 

-20. 

13.6 

60.3 

0.579 

0.98 

110 

920 

1331. 

156. 

-20, 

13,6 

60.3 

0.579 

1,00 

110 

982 

1332. 

164. 

-21. 

13.8 

56.7 

0,587 

0.99 

111 

46 

173T, 

160. 

-21. 

*  13.8 

59.7 

0.581 

1.00 

ill 

109 

1334. 

159, 

-21. 

13,8 

59.9 

0,580 

1  .00 

ill 

171 

1335, 

158. 

-21. 

13,7 

61.2 

0.578 

1.02 

ill 

236 

16 

158. 

-21. 

ill',  / 

59,5 

0,581 

1.04 

ill 

300 

1337. 

157. 

-21. 

13.7 

62,4 

0.575 

0.98 

ill 

365 

1338, 

v . R e SYSTEMS  INC. 


MODEL  V3  S/N  182 
PERMIT  NO, 


ENGINE  TEMPERATURE  OIL 

RPH  COOLANT  OIL  EXHAUST  PSI 


.  m  hmt 


POSITIONS 
GARB,  BYPASS 


WELL  FLOW  BATTERY  DUTY  PERCENT  AUXILIARY  FUEL  ENGINE 
CFM-VAC.H2Q  VOLTS  CYCLE  OXYGEN  CFH  THOUSANDS-UNITS  HOURS 


100  2031,  171 »F  179, F 

1@71. F 

52, 

-2.8 

25.4 

161, 

-2@, 

13.6 

65.@ 

@,57@ 

@ ,  88 

1 1 1 

46- 

134@, 

07/19/96  @7:58:57  UNIT  182 
100  1839,  169. F  177. F 

1046, F 

*v 

21.1 

<  n 
i 

48. 

-15. 

17  L 
iJiC 

66,9 

@,566 

0,98 

111 

L7- 

1340, 

07/19/96  08*00*00  UNIT  102 
100  1854.  169. F  177, F 

976.  F 

52, 

2@,6 

-@,5 

@. 

-14, 

13.6 

6@,9 

@,578 

1.65 

111 

481 

1  .■•,5?": 

100  1644.  171. F  177. F 

962.  F 

Crj 

'j.n  j 

C 

77 

-15. 

13.6 

68,6 

@,563 

2.@S 

111 

432 

134@. 

07/19/96  09 * 00 . 00  UNIT  IS2 

1@75,  F 

52, 

_i  f  1 

77  {h 

166, 

-2@. 

13.7 

63.2 

@.574 

@.9@ 

111 

538 

1341, 

07/19/96  @9:29:99  mu  l  -T 
100  1937.  169. F  177. F 

1@7@, F 

52. 

-1.7 

23.6 

154, 

-19. 

13.7 

60.8 

@.562 

@.3@ 

111 

559 

1341, 

07/19/96  @9:23:34  UNIT  182 
100  1307.  169, F  176. F 

1@62,  F 

cn 

-1.7 

22.@ 

148. 

-19. 

13,7 

68.@ 

@.564 

@.@@ 

111 

56@ 

1341, 

07/19/96  @9:24:54  UNIT  182 
100  1806.  169. F  176. F 

1@56.  F 

52, 

-1,7 

22.@ 

148, 

-19. 

13.6 

66.2 

@.568 

0.@@ 

ill 

561 

1341, 

07/19/96  09:25:34  UNIT  182 
100  1798.  170. F  175.F 

1@55. F 

52. 

-1,7  ' 

22,1 

148. 

-19. 

13,6 

'  67.2 

@,566 

0,00 

ill 

561 

1341. 

07/19/96  09:28:31  UNIT  182 
100  2330.  169, F  176. F 

1@75,  p 

52. 

19.@ 

22,@ 

119. 

-18. 

13,7 

58J 

0.5B4 

@.87 

111 

563 

1341, 

07/19/96  09:29:29  UNIT  182 
100  2211.  170. F  178. F 

1@99.  F 

52. 

14.0 

21.9 

127. 

-18. 

13.6 

64.1 

0.572 

1.37 

ill 

565 

1341. 

07/19/96  09:30:16  UNIT  182 
100  1694.  170. F  178. F 

1@92.  F 

••52.; 

1@.2 

2@.6 

73. 

-16. 

13.7 

67.7 

0.565 

1.18 

in 

566 

1341. 

07/19/96  @9:30:43  UNIT  182 
1@@  1583.  17@. F  178. F 

1@61. F 

52, 

14,9 

2@.3 

28, 

.  -14. 

13,6 

63.1 

0.574 

l.@2 

ill 

566 

1341, 

07/19/96  @9:31:12  UNIT  182 
1@@  1728.  170. F  177.F 

1@2@.  F 

52. 

19. B 

20.3 

27. 

-15. 

13.7 

65.7 

@*.569 

@.96 

ill 

566 

1341, 

@7/19/96  09:35:06  UNIT  182 
1@@  1863.  169. F  177. F 

994,  F 

Wk  t 

'  26,9 

12.7 

56. 

-16. 

13.6, 

99,9 

,  >. 

0.500 

@,@@ 

ill 

575 

1341. 

@7/19/96  @9:35:21  UNIT  182 
100  1642.  168.F  -  177. F 

1@6@ /F 

,52. 

29.4 

12,6 

50. 

-16i ;  , 

13.6 

*9,3 

0.681 

@.@0 

111 

575 

1341. 

@7/19/96  09:35:29  UNIT  182 
100  2224.  167. F  177.F 

1055, F 

52/ 

3@.2 

^.12. 6 

52. 

-16. 

13.7 

66.8 

@.566 

1.27 

ill 

575 

1341. 

@7/19/96  @9:36:@4  UNIT  182 
1@@  2@69.  168. F  177. F 

1@44. F 

52. 

25.8 

12.6 

58. 

-16.  ' 

13.7 

62.6 

@.575 

l.@2 

ill 

576 

1341. 

07/19/96  @9:4@:56  UNIT  182 
1@0  2093.  170. F  179. F 

1@75. F 

52. 

1.8 

26,4 

162. 

-21. 

13.7 

64.5 

@.571 

@.85 

ill 

58@ 

1342. 

@7/19/96  @9:41:12  .UNIT  182 
100  2070.  17@. F  179. F 

1@74. F 

52. 

‘  0.3 

27.1 

166, 

-2  U  . 

13.7 

65.@ 

@.57@ 

@.85 

ill 

58@ 

1342. 

@7/19/96  i@:@@:@@  UNIT  182 
100  2060.  172. F.  101. F 

1077. F 

( 

52, 

-0.5 

26.9 

165.' 

-2@.  - 

13.5 

66.1 

0.568 

@,84 

ill 

597 

1342, 

@7/19/96  11: @@:@@  UNIT  182 
1@0  2046.  173.F  182. F 

1078. F 

52. 

..  -2,4 

.  27.6 

168.  - 

v-. 

-20.  - 

13.6 

64.3 

@.571 

@.84 

ill 

65@ 

1343. 

07/19/96  12:0@:0@  UNIT  182 
100  2@31.  184. F  192.F 

1@81. F 

52. 

.  -1.6 

26.5 

166. 

-20.  . 

13.2 

7@.5 

@.559 

0.78 

111 

7@1 

1344. 

@7/19/96  13:00:00  UNIT  182 
1@@  2@65.  184. F  19@. F 

1080. F 

32, 

-1.5 

26.6 

166. 

-21, 

13.3 

7@.5 

@.559 

@.81 

ill 

751 

1345, 

@7/19/96  13:59:21  UNIT  182 
1@@  2@33.  182. F  19@. F 

1080. F 

52. 

-1.4 

26.7 

166. 

-21. 

13.4 

69,6 

@.561 

0.79 

ill 

8@1 

1346. 

@7/19/96  i4:@@:@@  UNIT  182 
1@@  2@55.  182. F  19@.F 

1080, F 

.52, 

-1.5 

26,7 

165. 

-21.  . 

13.3 

69.7 

@,561 

@.79 

ill 

805 

1346. 

@7/19/96  15:@0:@@  UNIT  182 
1@@  2@21.  183.F  488. F 

1075, F 

52. 

-1.4 

26.1 

163. 

-26. 

13.3 

69.5 

0.561 

@.78 

ill 

852 

1347. 

V.R.SYSTBtS  INC.  MODEL  V3  S/N  182-  .  %  '•  -  .r  -  ./fl*,.  “  '  ‘  r  ■ 

PERMIT  NO.  •  /  -  .  -:V  -.v. 

ENGINE  TEMPERATURE  OIL  POSITIONS  .  NELL  FLON  BATTERY'  DUTY  PERCENT  -  -  AUXILIARY  FUEL  '  ENGINE 

RPM  COOLANT  OIL  EXHAUST  PSI  CARS;  BYPASS  CFM-VAC.H20  VOLTS'  CYCLE  -OXYGEN  CFM • THQUSANDS-UNITS  HOURS 

G-zip/g*  ijNTT  ,.-r 


07/19/96  16:46:17  UNIT  182 

100  2034..  1B@. F'  105  .F  1075.F  52*. 

07/19/96  1^:00:00  UNIT  182  ' 

100  2053-."  179. F  185. F  1073.F  *52. 

07/19/96  18:60:00  UNIT  182 

10@  2043.  ■  178, F  185.F  1075..F  52.  ■ 

07/19/96  19:00:00  UNIT  182  •  ■>-:. 

100  2056.  175. F  182.F  1076.F  52. 

07/19/96  20:00:00.  UNIT  182  5, 

100  2047.  171. F  1B1.F  1075.F  ...  52/  ■ 

07/19/96  21:00:00  UNIT  182  -  ‘  ■  - 

100  2064.  169. F  178. F  1077.F  52. 

07/19/96  22:@0:00  UNIT  182  ' 

100  205@.  169. F  l77.Fr  l@79.f-  52. 

07/19/96  23:00:00  UNIT  182  .. 

100  2@60.  167. F  176.F  1075.F  ,52. 

07/20/96  00:00:00  UNIT  182  • .  ‘v 

100  2@54.  166.F  175.F-  1070.F  52. 

07/20/96  01:00:00  UNIT  182  .  v 

100  2074.  166. F  174. F  1071. F  v  52.  ' 

07/20/96  02:00:00  UNIT  182 

100  2056.  165.F  172. F  1065. F  52. 

07/20/96  03:00:00  UNIT  182 

10@  2051.  165.F  '172.F  1063. F  .  52. 

@7/20/96  @4:00:00  UNIT  182 

10@  2@38.  164.F  171. F  1063. F  52. 

@7/20/96  05:00800  UNIT  182  ••  \  •• 


10@  2069. 

164. F  17@. F 

904.  F 

07/20/96  06; 

00:00  UNIT  182 

100  2070, 

165.FS-  173. F 

904  ,F 

07/20/96 'Q7: @®:00  UNIT  102 

1@@  2050. 

165. F  -  174.F 

nnn  n 
070, r 

07/20/96  07: 

26:04  UNIT  182 

l@@  203@; 

167. F  176. F 

897,- 

26.1- 

163.  :n 

-26.  . 

r  ,  *  , . 

13.4, 

-2.3 

26.@ 

163. 

-27,:" 

‘V  -  i 

13.4 

-2.3 

26.1 

/16w‘  ■ 

* 

>■ f  ‘j 

* 

13.4; 

-2.3 

■26.2 

164, 

-23.,;  :,I 

13.4 

•-2.9 

26.3 

.  163. 

■  -24. 

13.5 

”2.9 

.  26.3 

163. 

-23.  , 

13.5 

-2.8 

-■4  26,1 

163. 

-23V 

X 

13.6 

-2.2 

25.8 

162. 

-23. 

13.6 

-2.7 ’ 

25.3 

160. 

-23, 

13.5 

-0.2 

25.6 

161. 

-23,  T 

13.7 

-0.7 

24.7 

|ri58. 

-24  V? 

13,7 

-0.7 

24.6 

'158. 

-24.  f. 

‘13,7  ; 

-0,8 

24.6 

M57,  ? 

~24,:?V 

7:13.7 

-3.1, 

IT  7 

X  w* ,  / 

lit. 

-iil. 

13.8 

-3.1 

13.8 

X  1  uF« 

‘  -,)V 

-21;'  ‘  f 

13.7 

_T  •( 

u,  i 

13.7 

XXX., 

-I-:  ■ 

•  f.  '■  V 

-3,1 

‘•13,/ 

68.4 

0.563 

.0.85 

111 

-944 

.1349. 

68.7  / 

0,563 

0.85 

M1,, 

956  ? 

1349, 

'  .*r 

CO 

'-a 

"0,564 , 

0.87  ‘ 

1 

112 

'  10 

135@. 

64.1 

@.572 

O  '  ■- 

0.95? 

112 

6?' 

1351. 

62.3 

0.575 

@,9? 

112 

128 

1352. 

61.9 

0.576 

1.01 

112 

191 

1353. 

61.1 

0,578 

1J3 

112 

256 

1354. 

59.9 

@.53@ 

1.04 

112 

321 

1355. 

61.2 

0.578 

1.08 

112 

38B 

1356. 

57.9 

@.584 

1.08 

112 

455 

/  1357. 

61.4 

0.577 

1.09 

112 

524 

1358. 

58.4 

0.583 

1.11 

112 

593 

1359. 

57.6 

0,585 

1.13 

112 

663 

136@. 

56,5 

@.587 

0  C7 

7CT 

1361. 

56,9 

0,586. 

2.54 

;  #0 

6@ » 0  , Z  ' 


@7/20/96  @7:27:31  UNIT  182 
1@@  1978.  167. F  176. F 

.808.F 

52, 

-3,1 

12.6 

109. 

• 

>  -18  V  ! 

: 13.6  ; 

13.3 

61.4 

63.5 

w; 

0.573 

2,48 

2.45 

113 

113 

134 

134 

1363. 

1363. 

07/20/96  07:23:45  UNIT  182 
1@@  1972.  167. F  176. F 

’'885, F 

"52  .V* 

-3,1 

*  12.7 

100, 

-18. 

13.6 

61.2 

@,578 

2,45 

113 

137 

1363, 

@7/20/96  @7:30:16  UNIT  182 
10«  1785.  168.F  176. F 

867,  F 

52. 

-@,8 

7.7 

86. 

-17. 

13.6 

63,@ 

0.574 

2.19 

113 

141 

1363. 

@7/20/96  07:31:46  UNIT  182 
10@  .1804,  167, F  175, F 

855,  F 

52. 

-r 

/  ,i 

•  1,8 

61. 

-17, 

13.5 

6@.5 

@.57? 

2.18 

113 

144 

07/20/96  @8:00:00  UNIT  102 
I0@  1568,  ■:  166. F  170, F 

775.  F 

52. 

15,9 

-@,5 

@. 

-19/ 

13.5 

68.4 

0.563 

1.82 

113 

197 

1364, 

@7/20/96  @8:59:29  UNIT  182 
l0@  1846,  165. £  166, F 

763,  F 

52. 

19,1 

-@.4 

@, 

-18. 

13.7 

55,3 

0.539 

1,81 

113 

3@8 

1365, 

@7/20/96  @8:59:43  UNIT  182 
1@@  2@46,  165. F  167, F 

771, F 

n 

•Ji. 

21,@ 

-@,4 

0. 

-IS. 

13.7 

58.8 

@,582 

2,@1 

113 

3@S 

1365. 

@7/20/96  @7S@@:@@  UNIT  182 
1@@  179@.  166, F  167, F 

796,  F 

cr 

22,@ 

-0,4 

40. 

-19, 

I-J  t  D 

hi  tb 

@,561 

2.11 

113 

3@9 

1365. 

@7/2@/96  @9;0@:17  UNIT  182 
l@i?  2@@8,  166 .F  166. F 

847,  F 

52, 

24.7 

-0.4 

38. 

-19. 

13,7 

53,7 

@.593 

@.@@ 

113 

3@9 

1365. 

V,R. SYSTEMS  INC,  MODEL  93  S/N  182 

PERMIT  NO, 

ENBINE  TEMPERATURE  OIL  POSITIONS 

m  COOLANT  OR  EXHAUST  FBI  CARD.  BYPASS 

WELL  FLOW 

CFn-vAC,H20 

BATTERY 

VOLTS 

DUTY  PERCENT 
CYCLE  QXYSEN 

AUXILIARY  FUEL 

CFil  THQUSANDS-UNITS 

ENGINE 

HOURS 

« m « &&  hk-tt  ip? 


0/ 720/96  11:00500  UNIT  182 

m  2*63.  1B2.F  188, F 

07/20/96  12; 00; 00  UNIT  182 

1082, F 

52, 

-0,5 

*  • 

164, 

-24. 

13.3 

68.4 

0 t 563 

0.88 

1  IT 

A  *i_: 

399 

1367 

iww  ^051,  1B8.F  194, F 

07/20/96  13; 00; 00  UNIT  182 

=7 

“0,7 

26.6 

164. 

“23. 

13.2 

71.4 

0.557 

0 .  SB 

113 

454 

1368 

100  2*72.  1B5-F  191. F 

07/20/96  14 ;00; 00  UNIT  182 

1075, F 

52, 

•7  c 

26.3 

164. 

“26, 

•1  T  T 

69,0 

0.562 

0.S9 

113 

510 

1369, 

100  2^60.  183. F  188, F 
07/20/96  15:00:80  UNIT  182 

1070. F 

52. 

-2.5 

26.5 

164, 

-27. 

iO.'j 

67.6 

0.565 

0.93 

113 

566 

1370, 

100  2057,  184.F  J90.F 

07/20/96  16500500  UNIT  182 

1073, F 

52  # 

-2,6 

26.4 

163. 

-26. 

<7  7 

69.6 

0.561 

0 1 90 

1  IT 

A  Aw 

625 

1371 

180  2069.  183. F  188.F 

07/28/96  17:00:0®  UNIT  182 

1070, F 

52. 

-2.6 

26.4 

164. 

-27. 

13.3 

63,7 

0.563 

0.93 

113 

682 

1?0  2053.  182. F  188. F 

07/20/96  18:00:00  UNIT  182 

1073, F 

c- 

-2.6 

26,4 

164. 

-26. 

<  T  T 

i  titti 

66.6 

0.567 

0.95 

113 

74? 

1 C •  i  -j  1 

100  2076,  180. F  186, F 

07/20/96  19500500  UNIT  182 

1071, F 

52. 

-?  7 

26.4 

164. 

-26, 

13.3 

65.3 

0.568 

1.01 

113 

804 

1374, 

100  2@5B.  176. F  I84.F 

07/20/96  20:00:00  UNIT  182 

1070, F 

52, 

-1,9 

25,8 

161 . 

-26. 

13.4 

67,2 

0.566 

l.@4 

113 

869 

1375, 

100  2024.  169. F  178. F 

07/20/96  21:00:00  UNIT  182 

1073, F 

57 

-?  i 

25.8 

161, 

-24. 

13.5 

64.9 

0,570 

1.06 

113 

935 

1376, 

180  2033.  168. F  177.F 
07/20/96  22:00:00  UNIT  182 

1076.F 

52, 

-2.0 

25.8 

162. 

-24. 

*  13.5 

% 

61.9 

0.576 

1.0S 

114 

n 

*1 

1377, 

m  2085,  167. F  176. F 

07/20/96  23:00500  UNIT  182 

1078.F 

52. . 

-1,1 

25.8 

163, 

-24. 

* 

13.6 

62,8 

0.574 

1.14 

114 

77 

I  ?7p  ^ 

100  2064,  166, F  ,:17S.F 

07/21/96  00:00:00  4JNIT  182 

I069.F 

v  52. 

-4,0 

24.8 

161. 

“23. 

13.5 

62,6 

0,575 

i ,  lii 

114 

144 

1379. 

100  2073.  167, F  173. F 

07/21/96  01:00:00  UNIT  182 

1074.F 

-3.7 

25.6 

4 161, 

-24. 

13.7. 

61.3 

&,577 

1.15 

114 

215 

1380, 

100  2067.  167.F  ,  174. F 

07/21/96  02:00:00  UNIT  182 

1072.F 

52. 

-3.7 

7=  7 

160. 

-24. 

13.7 

62.3 

0.575 

1.14 

114 

287 

1381, 

100  2059,  166.F  173, F 

07/21/96  03:00500  -UNIT  182 

1072.  F 

52. 

-3,7 

25.2 

160. 

-24. 

fi, : 

’  13.7 

59.8  . 

0,580 

1.14 

114 

359 

1382, 

100  2054,  167, 175/F 

07/21/96  04:00:00  'UNIT  182 

1068.F 

52. 

—  n 

“  .J  ,  Q 

n*  » 

159. 

.  HT 

— iu» 

13,6  ; 

62.7 

0.575 

1  i 

114 

430 

13P;t, 

100  2062.  166, F  174, F 

07/21/96  05:00:00  UNIT  182 

1066, F 

52. 

-3,8 

24.8 

159. 

v.  -23. 

.13.6 

60.0 

0,580 

1.18 

114 

503 

1384. 

100  2065.  166, F  174, F 
07/21/96  06:00:00  .  UNIT  182 

1067.  F 

*;? 

-3  P' 

24.8  : 

159, 

-23. 

6@,9 

0,578 

1.18 

114 

=77 

1385. 

100  2031.-  167. F  174. F 
07/21/96  07:00:00  UNI^ 102 

1067.F 

52. 

--*,8 

24.7 

158, 

-23. 

13;  5 

62.6 

0.575 

1.13 

114 

650 

1386, 

100  2139,  170. F  179.F 

07/21/96  08:00500  UNIT  182 

1083.F; 

52, 

0.5 

27,6 

169, 

nn 

i:  13.4 

63.4 

0,573 

1,29 

114 

721 

1387, 

100  2057,  175. F  183. F 

07/21/96  09:00:00  UNIT  18? 

1077. F 

>  .  52. 

-4.8 

26.3 

!63y 

:  -23.  ■ 

J3.4 

69.1 

0,562 

1,11 

114 

794 

1388. 

100  2037.  169, F  177, F 

07/21/96  10:00500  UNIT  182 

1072. F , 

52. 

26.5 

165. 

_n~7 

13.6 

65,2 

0,570 

1.09 

114 

863 

1389. 

100  2081.  184. F  188, F 

07/21/96  11500500  UNIT  102 

1087, F 

52. 

-1/5 

*  27.4 

i67. 

*v? 
jLu  ■ 

13,iji 

68,9 

0,562 

1.11 

114 

931 

1390. 

I**  2033.  183, F  192.F 

07/21/96  12:00:00  UNIT  182 

1@77. F 

52.  r , 

-5.0 

-  26.6 

164, 

*  -23, 

13.3 

70,8 

0.558 

1.04 

114 

999 

1391. 

100  2080.  185.F  192. F 

07/21/96  12:01:09  UNIT  182 

90B.F 

.52. 

-5,0 

14.6 

116. 

nn 

-ii. 

13.3 

68.1 

0,564 

2.70 

115 

107 

1392. 

100  1986,  186. F'  192. F 

899.  F 

.52. 

“4,8 

12.8 

;  108. 

-21. 

1 

70.0 

0.560 

2.57 

115 

110 

1392. 

V.R. SYSTEMS  INC. 

MODEL  V3  S/N  182 

PERMIT  NO. 

'  * 

<"•  , 

* 

. 1  *\ 

ENGINE  TEMPERATURE 

OIL 

POSITIONS 

WELL  FLOW 

BATTERY 

DUTY 

PERCENT 

'AUXILIARY  FUEL  ' . 

ENGINE 

R.PH  COOLANT  OIL 

fi7/?1  /QA  17.fi?. 71  UhJTT  IPO 

EXHAUST 

PSI  *" 

l*;". 

CARS. 

BYPASS 

CFM-VAC.H2Q 

VOLTS 

CYCLE 

OXYGEN 

CFM  THOUSftNDS-UN ITS 

HOURS 

@7/21/96  12:32:59-  UNIT  182 


1@@  2@36, 
@7/21/96  I2i 

184.F  191. F 

: 33:27  UNIT  182 

888.  F 

52. 

’  12.4 

-0.2 

50. 

-20. 

.  13.3 

64.6 

0.571 

2.61 

115 

.  193  1392, 

100  1881. 

184.F  191. F 

8B7.F 

-52; 

10.4 

-0.1 

52. 

-20. 

•13.4  • 

71.4 

0.557 

2.57 

115, 

195  1392, 

'  v 

VH- 

.  -PERMIT  NO. 

'  ••  ;  ■  ■  --  \  , .  - 

ENGINE  TEMPEMTlfEv':  •  ?  -  OIL  .^5  POSITIONS  ^  flWi  JflTTERy^.ffljT¥~.  PERCENT*  AUXILIARY  FUEL  '  ENGINE 

R.PM-  COOLANT »  OIL '-  EXHAUST  PSI  ^.feARB.-'  SYPASS  CFM-|sC.I06'  VDLTS  CYCLE .  OXYGEN  CFM  THOUSANDS-UNITS  HOURS 

;  .  "vir.  V  '  \  %  :J%;  '  . 

@7/12/96  15:25:39  UNIT  182-  ; * :  .  ;  ~'"'i  T  ..  ' ;5V'. %%..  .  «  *  '  •>  : 

10@  0-.  97.F  Xfj  107, F  A,,';.  -25.0-  -25J  Uj;  -395.  0.0  ...  «.00  -  I^i:. 165  1263. 

07/12/96  15:26:07  LIMIT  362.  OIL  PSL  ; ,  <h.f  :  LOW  OIL  PSI  SD  ’  WIT  182  ^  '  ^  ^  ,  4.^*;  .  ■ 

RESTART  AT;  .07/12/96  1 5”: 26: 42 -'(07/12/96'  IS,: 26 3  160'  &524.S:  V2.23---.  A  V 
07/12/96  15:26:46  UNIT' 182  .  'v.  •  y ...  •'  .  ■  -fl. 


100  0.-  99. F  99  .F  134  .F 

■*  ■  . 

-25/0 

-25.0  .  ,0,« 

-398.": 0.0 

&  1  0.70@  ,^  ;  0.00 

104  •  - 

166 

1263, 

07/12/96  15:27:12  LIMIT  302  OIL'  PSI 

LON  OIL  PSI  SO  ; 

UNIT '182  •> 

♦  ■ 

> 

RESTART  AT @7/12/94 

15:31 

:.2  5 

<07/12/96' 

15: 27:24) 

ysS24^.'.,  .$2.23 

.-yv. 

07/12/96  15:51:28  UNIT  182 

'  #  , 

.  r  : ‘ :  * 

V  V  i  >  ■ '  ** 

100  0 .  T12.F  99.F-  148. F 

■0. 

-25.0 

"-25.0  >-  '0. 

-398.  ",  0.0 

}  0.1  .;::'0.700  0.00 

.  1^4, 

*166 

1263 

07/12/96  15:31:55  LIMIT  302  *  OIL  pSf  V  ;  0. 

LOW  Oil  PSI  SO',;. 

'UNIT .182  ’ 

RESTART  AT  s  .  07/12/96.  - 

,15  8  33 

3  07 

'<@7/12/96 

15:32^43) 

.  S52-4-5  V2.23 

07/12/96  15:33:10  UNIT  182,  ; 

.  *  y  ;  ■■■■ ' 

100  0.  114. F  •  99tF  202. F 

:\0. 

-25,0 

-  -25.0  , 

6398.4  .'0.0  „ 

.  "0.1  ‘  4 0.700  0.00 

m 

166 

1263, 

07/12/96-  15:33:31  UNIT  182;.  ■  ' 

* 

100  4.  116. F  1@0.F  195.F 

,  i 

23;.  5 

-0.7  0.  • 

12,2 

:  9.7  0.681  0.00 

104 

166 

1263, 

RESTART  AT :  07/1 2/1? 6 

1 5  s  34 

•  1-w! 

(07/12/96 

15  S'witj  E  40  ) 

S5245  V2.23 

07/12/96  15:34:16  UNIT  182 

J  -/  •'  • 

100  0.  119. F  99.F  •  184.F 

•  0. 

-25.0 

-25.0  ;0.  * 

-398.  0.@  . 

0.1  @,700..  0.00 

104 

166  • 

1263. 

@7/12/96  15:34:40'  UNIT  .182  • 

- 

100  4.  119..F  99.  F  178.F 

0. 

23.5 

-0.7  4@.  ■ 

' -21.;. 412.2 

y  9.7.  0.681  0.00 

104 

167 

1263. 

07/12/96  15:39:06  UNIT  182'. 

*  ’ ^ 

10®  1747.  162.F  . 138. F,  709.F 

M 

■23,5 

-0,7  v  0. 

-20,  13.7 

9.7  0.681  0.00 

104 

167 

1263. 

07/12/96  15:40:37  UNIT  182 


-  100  1706. 

163 

.F  148, F 

.725, f 

44.;  • 

U1)  |  . 

-0J  v 

,!0. 

-20.  \ 

•13.6 

9.7  : 

,0v 681 

0.00 

104 

167 

1263, 

07/12/96  .15 

:42s 29 

UNIT  ,182 

\.y 

100  1779, 

164 

.F  157. F 

756,  F 

44i 

23.3 

-0i8  / 

0. 

-19, 

'  13,5 

9.7 

0.681 

0.00 

104 

167 

1263, 

07/12/96  15 

:45:37 

UNIT >182 

• 

100  1738. 

165.F .  166.  F 

781, F 

44, 

/  23.3 

-0,8 

0. 

-19, 

13.5 

,  9.7 

t*bB\ 

0 , 00 

104 

167 

1263. 

07/12/96  15 

;  48:26 

UNIT  132 

100  2109, 

'.169 

■F  ‘  173, F 

861.F 

44.’ 

23.3 

-0.8 

0. 

-19,  . 

13,5  ;  . 

54.3 

0.591 

1.69 

104 

170 

1263. 

07/12/96  15s 48: 48 

UNIT  182  - 

.  >  - 

100  2126. 

-  170 

.F  174.F 

371.  F 

44.' 

23.3 

-0,8  . 

0, 

-19.  / 

13.5 

54.7 

0,591 

2.68 

104 

171 

1263. 

07/12/96  15 

:  50:23 

UNIT/ 182 

100  2224. 

172 

.F  178. F 

3S8.F 

44. 

'  24,4 

-0.8 

0. 

-19.  ■ 

13.5 

57.6 

0.585  • 

2.69 

104 

175 

1263. 

07/12/96  15; 

:  55:42 

UNIT  182 

, 

.  - 

100  1904. 

175, 

.F  185, F  ' 

9@4,  F 

44. 

20.5 

-0,8 

0. 

.  -19.'* 

13.4  ' 

61.7  " 

0.577 

2.63 

104 

190 

1263. 

07/12/96  16 s 

:  0«:28 

UNIT  182 

100  1490. 

179, 

,F  1S3.F 

803.  F 

44. 

18.1 

-0,8 

0.' 

•  -19. 

13.4  ■ 

9.7 

0,681 

0.00 

104 

196 

1264, 

/.ES7  ART 

AT 

s  07/14 

/96  1 

2 ; 56  s  59  ( ( 

v7 / 12/ 

96 

16s  00 

s  58 ) 

S524 

5  V2 

^“T 

07/14/9 

6  12s 57s 02 

.  LIMI 

T  1 

,1@  BATTERY 

0 . 0 

LOW 

f  BAT 

T.  VOLT  AL 

ARM 

UNIT 

07/14/96  12s  57  s 02 

LIMI 

T  -A 

H4  ENG  TMR 

1570. 

ENGINE' 

FAILED  ALARM 

UNIT 

07/14/96  12: 

57:02 

UNIT  182 

100  0, 

95. 

F  98. F  ■ 

106.F 

53. 

-25.0  - 

25.0 

0, 

-398. 

0,0 

0.1 

0,700 

0,00 

104 

196 

1264. 

07/14/96  12: 

57:42 

UNIT  -182  • 

100  6. 

95, 

F  98. F 

106, F ' 

21.1 

-0.7 

0. 

-21. 

12.1 

39.9 

0.620 

0,00 

104 

196 

1264. 

07/14/96  12: 

58:14 

UNIT  302 

OIL  PSI 

0. 

LON  GIL 

PSI  SB 

UNIT  l\ 

32 

RESTART 

ATi 

:  07/14 

/96  1 

2  s  5E 

5  s  50  ( C. 

37/14/ 

96 

12  s  53 

s  21  ) 

8524 

5  V2 

‘“f 

07/14/96  12: 

58:53 

UNIT  182 

10@  0, 

98. 

F  96. F 

133.  F 

0, 

-25.0  - 

25.0 

uj  % 

-398. 

0,0 

0,1 

0.700 

0 . 00 

104 

196 

1264, 

07/14/96  12: 

59:08 

UNIT  182 

100  4, 

98, 

F  97, F 

133. F 

0. 

23,8 

-0*.7 

0. 

-20. 

12.2 

9.7 

0.681 

0 , 00 

104 

196 

1264. 

07/14/96  12: 

59:31 

UNIT  302 

OIL  PSI 

0* 

LON  OIL 

PSI  SD 

UNIT  11 

RESTART 

AT ! 

:  07/14. 

/96  1 

3  s  00 

1  s  03  ( ti 

V?  / 14/ 

96 

12;  59 

s  38 ) 

8524 

5  V2 

U  xL  O  K 

07/14/96  13; 

00:06 

UNIT  182 

100  0. 

105. 

F  97. F 

197. F 

0. 

-25.0  - 

25,0 

0. 

-398, 

0.0 

0.  1 

0.700 

0.00 

104 

196 

1264. 

07/14/96  13:00:35  l WIT  ' 3@2  OIL  PSI'.,  'i-JJ  S«3K;  OIL  PSI  SD 
eESTART"  AT'^7/1 4^96^1 3  *¥rV39  '  Y©7/i4/^ii 
V.R. SYSTEMS  INCA  .  MODEL  V3.S/« ‘182  V  '  -  4  A  4. 

. '  >/  V  v.>’  •  .  PERMIT  NG.:**-  •'  -  * ‘  V  > 

”  4^,'.:'  ■  ■  ■  "  "  ■■■  '  '■•■■ 


»  ENGINE.' 
RPM. 


TEMPERATURE  , V  OIL 
COOLANT  OIL  EXHAUST  PSI 


"positions  1 

CARS.  BYPASS 


WELLTLQW  BATTERY 
CFM-VAC,H?n  vniTS 


DUTY  PERCENT 
CYRi  E  OXYGEN 


AUXILIARY  FUEL  ENGINE 
OFH  THTII IRANHS— 1 INTTR  HOURS 


@7/14/%  13:@1:42  UNIT  182 


1@0  @.  113.F  98.F-: 

24&F 

;  0, 

-25.0  ' 

'  -25  .  @ 

@7/14/96  13:@1:59  ‘  UNIT  182 
10@  4.  1L6.F  ■  98. F 

237. F 

\.  0.  '  : 

'23.8  ‘ 

‘ 7  -0.7 

87/14/96  13:82:24  LIMIT  362 

OIL  PS 

I  ‘ 

r-‘  LOW  .OIL  PSI 

c.ESTART  ,AT  s  07/14/96 

13:05 

m 

1  iiw 

(07/ 

07/14/96  13:85:26  •'  UNIT 1*82 

■■  ‘  '  . 

1@0  @.  128.F  98.F 

236. F 

;0, 

-25.0  . 

-25.0 

@7/14/96  13:85:39  UNIT. 182 
100  4.  128. F  98.F 

233.F 

'  •  0. . 

23.8 

-0.7 

.  87/14/96  13:11:33  UNIT  182' 
10@  1833.  165. F*  149. F 

741. F 

53.  . 

26.2 

-0.8 

87/14/96  13:14:33  UNIT  182, 
100  2841.  169.F  164. F 

816. F 

53. 

22.3 

-0.8 

07/14/96  13:14:44  UNIT  182 
180  2152.  •  169, F  165. F 

820.  F 

5w< , 

24,0 

-0,8 

87/14/96  13:15:23  UNIT  182 
10@  2310.  178. F  168.F 

869. F 

53, 

23.8  . 

.  -0.8 

@7/14/96  13:16:55  UNIT  182 
1@@  2288.  172.F  174. F 

924.F 

.53, 

21.4 

-0.7 

@7/14/96  13:18:37  UNIT  182 
188  2152.  174. F  178. F 

92@.  F 

53.  • 

18.2, 

-0.7 

@7/14/96  13:30:80  UNIT  182 

180  2174.  181. F  198, F 

95@*.  F  ' 

.  52. 

-0.3 

17.1  ‘ 

@7/14/96  13:32:29  UNIT  182 
100  2169.  181. F  191. F 

948.  F 

,  53.  . .. 

-0.2 

17.1 

07/14/96  13:33:13  UNIT  182 

180  2899.  181. f  191 .F 

948. F 

53;  \ 

-0.3 

16.1 

07/14/96  13:34:22  UNIT  182 
100  2104.  181. F  19@. F 

'  940, F 

53. 

-0.3  • 

'•  16.1 

@7/14/96  14:@0:00  UNIT  182 
100  2115.  185. F  193.F 

935, F 

52, 

t0,3 

16.1 

@7/14/96  14:07:52  UNIT  182 
100  2129.  183.F  193.F 

943,  F 

52. 

-0.3 

16.7 

@7/14/96  14:09:16  UNIT  182 

100  2@Sl . ■  183. F  192. F  ‘ 

938.  F 

52.  ' 

-0.3  . 

15.9 

@7/14/96  14:26:36  UNIT  182 
100  2833.  ..  182. F  191. F 

923.  F 

52,  . 

-0.3 

15.9 

07/14/96  14:29:19  UNIT  182 
100  "  1956.,  135.  F  191. F 

925, F 

’  52. 

-0.3 

14.3 

07/14/96  14:30:17  UNIT  182 

100  1985.  184. F  191. F 

917, F 

7  7 

10  1 

ii.i  i 

->@7/14/96  14:34:48  UNIT  182 

100  1852.  184. F  191. F 

913,  F 

52, 

13.2 

-0.0 

07/14/96  15:00:00  UNIT  182 
100  2044.  181. F  168.F 

889. F 

52. 

16.0 

-0.6 

@7/14/96  i6:@@:00  UNIT  182 

100  2@44.  182.F  19@.F 

921.  F 

52. 

-0,3 

16.4 

07/14/96  17:00:00  UNIT  182 

180  2012.  180.F  183.F 

929.  F 

52. 

-0.4 

16.4 

07/14/96  18:00:00  UNIT  182 

m  2^45,  178. F  187. F 

944,  F 

c.? 

-0.4 

16.0 

07/14/96  19:00:00  UNIT  182 

100  2029.  179. F  1B8.F 

982,  F 

52. 

-0.4 

18.6 

:  0*, 

r(.  •  i'; 

-398. 

0,0 

h%}-: 

0.1 

0 , 700 

0,00 

104 

.  197 

1264, 

•  0.-;‘ 
J  - 

I: -21. 
■UNIT 

12.3; 

'  182 

9.7 

70.681 

0.00 

1@4 

197 

1264, 

4/9.6 

:.T3  :®4:26V 

'S52 

45  .  V2 . 23 

* 

0. 

-399. 

0.0  ‘ 

.0.1 

0.700 

0.00 

’  104 

197 

1264. 

0. 

-21. 

12.2 

.  9.7 

'  4 

0.681 

0.00 

,  1@4 

197 

1264. 

0. 

-20. 

*  T  7 
f  •  LUt  t 

9.7 

,20.681 

0.00 

104  • 

197- 

1264. 

0. 

-20. 

,13.6  ' 

'  5@.i. 

:  0.600 

7  21 

104 

A  200 

1264. 

0. 

*-20. 

1,3  .‘6 

50.9 

0^598 

2,35 

104 

201 

1264. 

30. 

-20..; 

:i3.6 

54.2 

@1592 

2.79 

t  •  104 

203 

1264, 

,‘43. 

-20. 

13.6 

52.3 

0.595 

2.74 

1@4 

207 

1264. 

45. 

-20. 

;  13.6 

54.6 

0.591 

2.51 

104 

Oi  1 
*-i  i 

1264. 

124. 

-21. 

13,5 

57,2 

0.586 

2.44 

104 

240 

1264. 

124. 

-21. 

>  13.4 

60.1 

0.580 

2.44 

104 

246 

1264. 

120.  ’ 

-20. 

■  13,4 

60,9 

0.578 

2,45 

104 

248 

1264, 

120. 

-20. 

*13.4 

59.0 

0.582 

2.37 

104 

251 

1264. 

120. 

-20, 

13.4 

6©.2 

0.580 

2.41 

104 

314 

1264. 

123. 

-20, 

13.4 

62.2 

0.576 

2.40 

104 

TrTT 

Ju-J 

1265. 

119. 

-20. 

13.5 

61.2. 

0.578 

2 , 

104 

336 

1265. 

119. 

-20, 

13.5 

60.0 

0.580 

2.30  , 

104 

1265, 

114. 

-19, 

.  13.4 

60.9 

0.578 

o  ot 

i-  *  fcU 

104 

383 

1265. 

103. 

-19, 

13.5 

59.3 

0.581 

2.21 

104 

385 

1  2ar 

50. 

-18. 

13.4 

62.8 

0.574 

2.28 

104 

396 

1265. 

47. 

-IS. 

13.3 

41.2 

0.578 

2.36 

104 

453 

1265. 

121. 

-21. 

13.5 

55.1 

©.590 

2.26 

104 

593 

1266, 

122. 

-21. 

13.5 

56.2 

0.588 

0  TO 
*.»•_*£. 

104 

733 

1267. 

1  00 

-20. 

13.5 

58. 7 

0.583 

n  ?n 

L ■  ul 

104 

m*7 

0/  / 

1268. 

129. 

-20. 

13.5 

61.9 

0.576 

2.54 

105 

26 

1269. 

V.R, SYSTEMS  INC, 


MODEL  V3  S/N  102 
PERMIT  NO. 


OIL  POSITIONS 
PSI  CARD,  BYPASS 


NELL  FLOW  BATTERY  DUTY  PERCENT  AUXILIARY  FUEL  ENGINE 
CFM-VAC.H2G  VOLTS  CYCLE  OXYGEN  CFM  THOUSANDS-UNITS  HOURS 


100  1951.  163 .F  1B9.F 

932.  F 

52.  5.0 

12.5 

103, 

-18. 

lvi.4 

65.8  0.568 

2.42 

107 

vSn 

@7/15/96  10:01:48  UNIT  182 
1@@  1793,  183,9  189, F 

930.  F 

c.7  7  g 

10.7 

98 . 

-IS. 

13.4 

62,9  0,574 

TC 

107 

.  _  _ . 

07/15/96  10s02:23  UNIT  182 
100  1643=  1S4.F  188. F 

916.F 

52,  6.3 

7.0 

66. 

-18. 

13.4 

62.7  0.575 

2.14 

107 

383 

1284. 

07/15/96  10:03:05  UNIT  182 
100  1759,  184, F  188. F 

900  B  p 

52.  12.8 

8.3 

45. 

-17. 

1 3«4 

66 .5  0 , 567 

1.98 

107 

384 

1284, 

07/15/96  10:@3:31  UNIT  182 
m  1685,  184. F  188, F 

093.  F 

52.  16.2 

7.0 

14. 

-17. 

13.4 

66.5  0,567 

2.03 

107 

1285. 

07 / 15/96  11? 00 ! 00  UN IT  182 
100  1865.  185, F  190. F 

911, F 

52.  -0.5 

14.9 

116. 

-19. 

13,4 

62.4  0,575 

2.19 

107 

514 

1285. 

07/15/96  11:10:05  UNIT  182 
100  1865,  106, F  189. F 

911. F 

52,  -0.5 

14,9 

115. 

-20, 

13,5 

60.4  0.579 

2.19 

107 

536 

IzSu  1 

07/15/96  11:11:34  UNIT  182' 
100  1309.  185, F  189. F 

9@3. F 

52 ,  Ci » 8 

10.4 

96. 

-19. 

13.4 

60.2  @.580 

2.06 

107 

539 

1236. 

@7/15/96  11:24:18  UNIT  182 
1@@  2015.  183. F  188.F 

891. F 

52,  13.2 

-0.2 

46. 

-18. 

13,4 

57,1  0.586 

2.28 

107 

568 

1  _ 

@7/15/96  12:61:00  UNIT  182 
100  2052.  185. F  192.F 

955. F 

52.  -0,3 

10.3 

129. 

-20. 

13,4 

56.3  0.587 

2.50 

107 

659 

. 1236. 

07/15/96  13:00:00  UNIT  182. 
1@0  2062.  185. F  192.F 

962.  F 

52.  -0.3 

18.3 

129. 

-21. 

13.4" 

59.?  -0.580 

2.50 

107 

810 

057 

12n7, 

07/15/96  13:18:26  UNIT  182 
1@0  2@48.  186. F  193. F 

959.  F 

52.  -0.3 

18,3 

129, 

-21. 

13.4 

59.3  0.581 

2.49 

107 

rRP 

07/15/96  14:00:00  UNIT  182 
100  2065.  186. F  191, F 

961. F 

52.  -0.3 

18,3 

129. 

-21. 

13.4  ’ 

60.0  0.580 

t...  -  ; 

2.46 

107 

961 

1283, 

@7/15/96  14:27:06  UNIT  182 
1@@  20@5.  186. F  191. F 

957.  F 

52.  0,7 

16.7 

121. 

-21. 

13.4 

60.7  0.579  . 

2.41 

103 

30 

1209, 

@7/15/96  14:27:44  UNIT  182 
10@  2005.  185. F  191. F, 

953.  F 

52.  ,  4.4 

14.7 

111. 

-20. 

13.4 

53.5  0.583 

.  2.3? 

,  108 

31 

1289. 

@7/15/96  14:23:21  ,yNIT  182 
1@@  1538.  186VF  191. F 

952,  F 

52.  5.6 

13.9 

66. 

-18.  ' 

13.4 

62.4  0.575-^.25 

,  108 

1289, 

@7/15/96  14:28:54  UNIT  182 
1@0  179@.  187. F  190. F  / 

920.  F 

52.  114 

13.9 

6w>. 

-18.  y. 

13. 4, 

■56.7  0.587 

1.96 

108 

34 

1289. 

@7/15/96  14:29:24  UNIT  182 
1@0  1686.  186. F  190.F 

912.  F 

52.  15.0 

'•  12.8 

.27; 

-17; 

13.4 

59.7  0.581  : 

1,87 

.108 

35 

1289. 

07/15/96  i5:@0:@0  UNIT  182 
100  1837.  100. F  185. F 

822.  F 

52."  19.6 

-0.4-  1 

0- 

**  -19, 

13.4 

yf  ' 

58.9  0.582  V 

2.19 

4108 

103 

1289. 

@7/15/96  16:00:00  UNIT  182 
1@@  1833.  178.F  '  183.F  • 

815, F 

52.  19.7 

-0.4 

0. 

-19. 

?  13.,  5'^ 

55.7  0.589 

2.19 

108  r 

.  238 

1290. 

@7/15/96  19:@@:3@  UNIT  182 

* 

i@@  1411,  17@, F  171. F 

739,  F 

'  52.  14.8 

-0,4 

0. 

-19. 

13.5 

59,3  0:581 

1.62 

108  '  : 

‘  56? 

1793. 

RESTART  AT*.  ©7/16/96  ©6:48:48-  (©7/15 
©7/16/96  ©6:48:51  LIMIT  11©  BATTERY- 

/96 

1 9  s  00 
0.0 

: 3? >  S5245  V2.23  v 

■  LOW  BATT.  VOLT  ALARM 

UNIT  IS 

07/16/96  06  5  48  5  51 

LIMIT  414  ENG  TMR 

□VRWG 

ENGINE  FAILED  ALARM. 

UN  T  T  IE 

@7/16/96  06:48:51  UNIT  182 
190  @.  75. F  74. F/ 

76,  F 

61.  -25.0 

-25.0 

0,  . 

^-394.  • 

'  0,0 

0.1  @,700 

;  1.60 

108 

.570 

:  1293. 

07/16/96  06:49:05  UNIT  182 

'  J- 

10«  5.  75,  F  L  74. F 

76. F 

@.  15.1 

.  -0.4 

0.'.- 

.-21. 

12.1 

10.4 ’  0.679 

1.65 

'  108  4 

570 

1293. 

1  rR  !  A  !  5  07/16 

/  96 

06 s 49 : 49 

( ©7/18/96 

06  s  49 

s  IS) 

S5245  "  V2 

■y~" 

u 

/.E START  AT  s  07/16 

/?£. 

06  s  5.0  s  15 

( @7/18/96 

•*  06  s  49 

«  5'2 ) 

8524 5 ^  V2 

«/■ ' 

07/16/96  06:50:18  ■  UNIT  182 

* 

T 

100  0.  75. F  '  75, F 

77.  F 

13.  -25,0 

-25.0 

0. 

-394.  • 

@.0 

.  0.r  0j0@ 

0,00  -  ■ 

108  ‘  ' 

570 

•1293. 

07/16/96  06:50:50  UNIT  182 

'< . 

,■ 

'/*.  •:  *’  ; 

100  4,  75,  F  75.F 

...77  .F 

v  0 •  18.8 

-@.3 

0, 

-2i.^ 

12.2k 

18.8  ’0.662  * 

0.00 

108 

570 

1293. 

.  E  3  F  A  R.  T  ■ :  A 1  s  0  7  /  16/  -9  6 

06  s  51s  49 

1. 

( @7/16/96 

06  s  51 

:  26) 

,35245  V2 

.23  . 

* 

i@@  4,  76.F  75. F 

78.  F 

@,  23.4 

-@,3 

-21, 

-  ~  *y 

1@,3 

0 .  n  /  7 

ih  t  ClC* 

1  vIS 

1293 

RESTART  ATs  07/1 

£„  /Q/_ 

06 i 53  s  43 

( 07/ 

16/96 

06 : 

“2;  »  •“>••7.  -j 

3j  v 

/i  r»“  ; 

•  ‘tJ  V 

17  _  •  ”  ;r 

07/16/96  06: 53 i 46  UNIT  182 

100  @,  76. F  75. F 

79. F 

6.  -25.@ 

-25.@ 

@. 

-393, 

1  @.@ 

0.1 

@,7@@ 

@.@@ 

1@S 

4 

./EE  i  AR  1  h!  s  07/  1 

6/96 

(?. > 6  s  54  s  4  5 

( >/)  7  /  1 6  /  V  6 

06  s 

54  U  00  ) 

S52 

4  5  v 

'2  a  22 

07/16/96  06:54:48  UNIT  182 

100  0.  76.  F  76. F 

80.  F 

32.  -25.0 

-25.0 

0. 

-394, 

@.@ 

0,i 

{/>  1 700 

0 ,  @@ 

1@8 

CTA 

■J  / 

1293 

07/16/96  06:54:56  UNIT  1S2 

100  4.  76.  F  75.  F 

80.F 

@.  23.4 

-@.3 

@, 

_<17 

12.4 

1@,3 

v  ,679 

@.0@ 

1@8 

57@ 

1293, 

.f.EST  ART  A  T  s  #7 /  1 

iL  /  Cj 

06 i 56 : 36 

f  / 

16/96 

06  2 

55  s  1 1 ) 

CK.V 

4  5  y 

4  fc  v3 

|S 

07/16/96  06:56:39  UNIT  182 

100  0.  76. F  75. F 

8@. F 

29,  -25.0 

-25.  @ 

@, 

-394. 

@.@ 

0.1 

0,70@ 

0,@@ 

1  @H 

57@ 

1293. 

@7/16/96  @6:56:53  UNIT  182 

100  4.  76. F  75. F 

8@. F 

.  @.  23.5 

-@.3 

0. 

-21, 

12.4 

10.3 

@,679 

@,@@ 

1@8 

57@ 

1293, 

RESTART  AT s  07/ 16/96 

06  s 58 :  1 6 

(07/16/86 

06  £ 

57:  14) 

O  cr  .-7,  ./{  c=  e  } 

■_i  v->  ’"r  \J  v 

2..  2“ 

07/16/96  06:58:19  UNIT  182 

100  0.  76. F  75. F 

81  .F 

45.  -25.@ 

-25.@ 

@. 

-394. 

0.0 

@.l 

@.7@@ 

@.@@ 

1@8 

57@ 

1  ygy 

07/16/96  @6:59:50  UNIT  1S2 

100  5.  76. F  75. F 

31. F 

@,  23.5 

“@.3 

@. 

-21, 

1?  X 

1j.iv 

99,9 

0 , 500 

0.00 

1@8 

57@ 

1293. 

•@7/16/96  @7:02:16  UNIT  182 

1@@  1660.  94. F  83. F 

317. F 

53,  27.7 

“@,3 

@. 

-91 

,1***  * 

13.  b 

1@,4 

0.679 

@.0@ 

103 

57@ 

1293, 

@7/16/96  @7:05:52  UNIT  102 

1@0  1359.  153.F  118. F 

796.  F 

53.  28.6 

-@.4 

@. 

.  “2@, 

13.9 

1@.4 

0.679 

@.@@ 

1@8 

57@ 

1294, 

@7/16/96  @7;@7:0@  UNIT  182 

100  1836V.  161. F  129. F 

820,  F 

53.  28.8 

-@.6 

@. 

“2@, 

14.@ 

1@.3 

@.679 

@.@@ 

\m 

57@ 

1294, 

07/16/96  @7:08:4@  UNIT  182 

1@@  1863.  163.F  141. F 

840.  F 

5i.  ^31.0 

*@,6 

0. 

“2@. 

13,9  , 

-  1@.3 

@.679 

0,00 

1@S 

57@ 

1 794 

07/16/96  @7:i@:l@  UNIT  182 

180.1788.  159. F  148. F 

S44.F 

53.  25.4 

-@.5 

@, 

“2@. 

13.8  ’ 

1@.3 

@.679 f 

"  @.@@ 

1@8 

cy-j 

12 

@7/16/96  08 : 55 ;  05  '/UNIT  •  1 82 

1@0  1691.  167. F  170. F 

699.  F 

cn  nn  *r 

Jit  jii.J 

-@.4 

@. 

-18, 

13.6 

1@.  *. 

0,00'  * 

U- 

@7/16/96  @8:55:17  UNIT  132 

100".  1765.  -  167. F  170. F 

•  7@7.  F 

52.  24.3 

0. 

_  <  - 

/  . 

... 

@7/16/96  @8:55:54  '  ’ 

,k 

'v 

l@0  2il@.  .  ;  .  ,i.f 

779.  F 

'r„ 

7.7  ’ 

-V  ■' 

6 ;  • 

■  4  ■ 

.  yy.  • 

@7/16/96  @8:57:28  UNIT  182 

v  r.'-  • 

1@@  2117.  168-F  173. F. 

B15.F 

4  52.  K22.7: 

-@.4 

@. 

*  -18,' 

53.6 

@,593 

2.49 

’  100 

'577 

1295. 

07/16/96  @8:58:4@  UNIT  182 

1@0  2228.  170. F  176 »F 

'865. F 

52.  18,7 

-0.4" 

44. 

-19. 

13.6  ‘ 

55,8 

@'■588 

2.63; 

108"  ' 

580 

1295. 

@7/16/96  @9:@@:@@  UNIT  182 

, 

1@@  2088.'  171. F  177.  F 

807.F , 

...,52,-  17.3 

'  1.8 

54.. 

-19. 

13.6 

57.9 

@.584..' 

2.26 

1@8 

533 

1295. 

@7/16/96  @9:1@:3@  UNIT  182 

;c 

vl 

V 

1@@  2@27.  172, r  18@.F 

913. F.  j 

52.  -@,5 

16.6 

122.  t 

-  -20, 

13.6 

6@.3 

0.579 

2.31 

1@B 

61@ 

1296. 

@7/16/96  1@:@@:@@  UNIT  182 

ir 

"v 

1@@  2@6@.  175, F  184. F 

949, F  t 

52.  -@.7 

-  18.4 

132v  • 

“21. 

13.5  V 

62.6 

0.575': 

2.46 

108  •' 

733 

1296. 

@7/16/96  li:@@:@@  UNIT  182 

.  .i 

!  •. ;- 

:  •' 

1@@  2@5@,  177. F  184. F 

929,  F 

52.  -@.7 

*  17.6 

127. 

-21, 

13^5 

58.7  ; 

@.583 

,2.52 

1@8 

884 

1297, 

•  .r, 

.  v  ' 

v  ‘  V 

’ 

j,; 

,5  ■■■/  •  '  \ 

■ 

». 

* 

.V 

A 

:  ■ 

■  j'-  .  ■/ 

■r 

t  '  £  ..  ..  ■ 

;■/ 

r  •  '  1 

•~ 

■  -  • . 

,s  ,  •  2."  t. 

v  * 

•  . 

\-i-  ■ 

v  •.  7  : 

:  • 

2, 

"  T- 

v  •  . 

•.  -} 

'•  *  7 

..  .  v\ 

j'x  '■  ■■■ 

••  #  ' 

,  , 

'■■'4  '  • 

/  -> 

■  N.  7; 

1  ’  ■  • 

y 

«** 

, 

S, 

*■ 

*  ’  ' 

•  M-  3 

J 

■  j--/- 

a 


V.R.SYSTEHS  INC.  ' ''  MODEL  V3  S/N  182  . 

.permit'  no. 

BIBINE  TEMPERATURE  OIL  POSITIONS  7  WELL  FLOW  BATTERY -/flUTY  PERCENT  AUXILIARY  FUEL  ENGINE 


RPM  COOLANT  OIL, 

EXHAUST 

PSI 

CARS.  BYPASS  CFH-VAC.H20 

VOLTS 

■CYCLE 

OXYGEN 

CFM  THOUSANDS— Uhl  ITS 

HOURS 

07/16/96  11:18:27  UNIT  182 
100  2068.  17S.F  186.F 

947 .  F 

52. 

-0.7  14.4  114. 

-20. 

13.5 

62.9 

0.574 

2/79 

108 

933 

■  1298, 

07/16/96  11:20:21  UNIT  182 
100  179®.’  178.F  186.F 

884.  F 

57 

uki 

-0.7  8.7  91. 

-19. 

13.5 

64.1 

0,572 

2.31 

108 

937 

1293 

07/16/96  11:21:05  UNIT  182 
100  1732.  .  176iF  •  185.F  - 

860,  F 

52. 

4.4  7,6  67. 

-10.  ■ 

13.5 

65.6 

0,569 

2,11 

108 

939 

1298, 

07/16/96  11:21:44  UNIT  182 
100  1620.  173. F  184. F 

"■■846.  F 

52. 

10.8  7.2  36. 

-17. 

13.3 

62.1 

@.57i  ’ 

2,05 

103 

940 

1298, 

07/16/96  ,11:22:32  UNIT  182 
100  1589.  178. F  184.F 

833. F 

52.' 

17.6  6.3  @. 

-17,/ 

13.4 

61.8 

0.576 

1.87 

108 

942 

1298, 

@7/16/96  12:53:24  UNIT  182 
10@  1362.  174. F  174. F" 

.  691, F 

52. 

14.8  -0.4  0. 

-19. 

13.6 

65.1 

0.570 

@.@@ 

109 

90 

1299 

RESTART  AT:  ®7/16 
.07/ life/ 96  12:58:34 

/96  12:58:31  (©7/16/96 
LIMIT  11©  BATTERY 

12:5 
0 . 0 

3:37)  85245-  V2 . 23 
.LOW  BAIT.  VOLT 

ALARM 

UNIT 

07/46/96  12:58:34 

LIMI 

T 

4x4  ENG  TMR  2 

1136. 

ENGINE 

FAILED  ALARM 

UNIT 

@7/16/96  12:58:34  UNIT  182 
100  0.  191. F  150.F 

416, F 

61. 

-25.0  -25,0  0, 

-404. 

0.0 

.  0.1 

0.700 

0.00 

109 

90 

1799 

@7/16/96  12:58:4?  UNIT  182 
100  6.  190. F  149. F 

410.  F 

0. 

19.5  —0.4  0, 

-20, 

12.6 

9.6 

0.681 

0 . 00 

109 

90 

1299. 

@7/16/96  12:59;@6  UNIT  182 
100  5.  19@. F  148. F 

404,  F 

0. 

19.0  -0,4  0, 

-20. 

12.5 

9.6 

0.681 

0 . 00 

109  ‘ 

90 

1799. 

07/16/96  12:59:32  UNIT  1S2 
100  5.  1S9.F  147, F 

395,  F 

0, 

22.0  -0.4  0, 

-20.  • 

id  =, 
i.i..  -J 

9,6 

0.681 

0,00 

109 

90 

1299: 

@7/16/96  13:@4:21  LIMIT  414  ENS  TMR  283.  ENGINE  FAILED  ALARM 
RESTART  AT:  07/17/96  14:01:03  (07/16/96 
@7/17/96  14:@1:06  UNIT  182 

1@@  @.  92. F  95. F  124. F  2.  -25.®  -25. @  @. 

UNIT  182 
13:1 0 :  2 1 ) 

-396 ,  0,0 

8524 

0.1 

cr  i.  j  ***71 

@.700 

0 . 00 

108 

90 

1299, 

@7/17/96  14:@1:17  UNIT  182 
10®  11.  92. F  95. F 

124. F 

s. 

21.1  -0.4  0. 

-24. 

12.3 

9.8 

0 , 680 

0 , 00 

109 

90 

1299, 

#7/17/96  14;?j*07  UNIT  182 
100  1866.  153. F  116. F 

G7"7  ?QL  i  £»$=;.  =  *  MWTT  1 CH 

7f?'7  d 

53. 

31,6  -0,5  0. 

-21, 

13,8 

9,8 

0 , 680 

0 , 00 

109 

90 

1299, 

100  1-364.  162. F  126.  F 

760,  F 

53. 

28,6  -0.5  0, 

-21. 

13.8 

9,8 

0,680 

0 , 00 

109 

90 

1299 

07/17/96  14:07:32  UNIT  182 
1@@  2@64.  164. F  142. F 

000.  F 

53. 

22.8  -@.4  @. 

“ii. 

13.7 

56,3 

0,587 

0,00 

1 09 

91 

1300, 

07/17/96  14:09:05  UNIT  182 
100  2177.  166. F  152, F 

806.  F 

C-7 

23,7  -0,4  0. 

—  1, 

13.7 

54.0 

0,592 

2,38 

109 

rvr 

1300, 

07/17/96  14:12:23  UNIT  182 

■*  .-Twa  -n  t  •  r.  >-  <  r- 

6vv  idd.r  ios.r 

901.F 

53. 

20,6  -0.4  36, 

-21. 

13,6 

56,4 

0.587 

2.69 

109 

102 

1300 

07/17/96  15:00:00  UNIT  182 

1  A.'i  diSQ  i  72  ET  1 0£  ^ 

- v v  6-y; .  i ; u t  i dd , P 

989.F 

-0.9  19.1  136. 

-25. 

i  d  ■ 

66,0 

0,568 

0.79 

109 

172 

1300, 

07/17/96  15:24:33  LIMIT  3@2  OIL  PSI 

, RESTART  AT:  ©7/17/96  1 

27 
4981 
5  z  5; 

.  LON  OIL  PSI  SD 
,  ENGINE  FAILED  ALARM 

B  s  03  (07/17/96 

UNIT 

UNIT 

1  5 : 2- 

182 

182 

6  :  4 1  ) 

8524 

5  V2 

B  P  7 

. 

N  C  'i 


§7/17/96  15: 5B; 18  UNIT  1S2 
m  6.  184. F  143. F 

298.  F 

0, 

20.7 

0.9 

0. 

12.5 

9.8 

0,680 

109 

19y 

1  Ti«i 

07/17/96  15:58:41  UNIT  182 
100  5*  184. F  143, F 

296.  F 

0, 

23.5 

0,9 

0. 

12.5 

W£.i  1 

0,636 

0,00 

109 

190 

1301 

07/17/96  15:59:30  UNIT  182 
100  1705.  169, F  169, F 

419, F 

52. 

<-st  n 

jL-J  i  *- 

“0,7 

0. 

nn 

jLl.* 

13.7 

9.7 

0.681 

0,00 

109 

190 

1301 

07/17/96  16:04:15  UNIT  182 
100  1852.  167. F  171. F 
07/17/96  16:08:38  UNIT  182 

736.  F 

52, 

n?  n 

jiu  i  jL 

-0,8 

0. 

-21. 

13.6 

9.8 

0.680 

0.00 

109 

190 

1301, 

100  2214,  163, F  173, F 

811, F 

24.0 

-0,8 

0. 

_2i  t 

13.6 

56,8 

0,586 

jL  t  \Ji- 

109 

194 

1301, 

pNS  I  N't  i  cilPERATi 

JRE 

OIL 

POSI 

tiqn|h 

■  NELL 

FLOW 

BATTERY 

DUTY 

PERCENT 

AU) 

II I ARY  Ft 

ip; 

'v’Tir 

iJVJlVlG. 

RPM  COOLANT  OIL 

EXHAUST 

PSI 

.  CARB. 

•  ■ .  ^ 

BYPASS 

i  -CFM-VAC.H20  VOLTS 

CYCLE 

OXYGEN 

CFM  THOUSANDS- 

-UNITS 

HOURS 

efl^l6,IB.93  UNIT  182 
•l^psl.  *  i68.F  174.F 

830.  F 

• 

52. 

~  24.2 

“0.6. 

V  ^ 

*Y0. 

--21 , 

•*13;6 

<58.1 

■0.584 

2.47 

109 

195 

^  1331. 

@7/17/96  16:2?: 15  UNIT  182 
1??  22?2.  177, F  185. F 

1103.F 

52. 

0.9 

29.5 

v!70. 

-27. 

13.5 

# 

"64,9 

0.570 

1.35 

1@9 

208 

1301. 

@7/17/96  17:0@;@0  UNIT  182 
I??  2165.  176.F  185.F 

1060, F 

52. 

-@.8 

.25.9 

*  * 

*.161.  * 

* 

*P‘ 

13.5  : 

62.3 

0.575 

1.38 

109 

254 

1302. 

@7/17/96  17:04:20  UNIT  182 
1@@  2148. - *  176. F  185. F 

1060. F 

52. 

-0.8 

nq|n 

«  lil/ 

1 

-27. 

* 

13.5 

63.5 

0,573  ^ 

1.32 

1@9 

260 

1302. 

@7/17/96  18:0@:0@  UNIT  182 
1@@  2012.  171. F  180. F. 

1058. F ' 

52. 

TV -0.8 

v  24,7 

158.'’ 

-21. 

13.6 

63*2.  * 

0.574 

l.@6 

109 

323 

1303, 

@7/17/96  19:@@:00  UNIT  182 
100  205@.  168. F  177. F 

1067. F 

52. 

-0.8 

25,3 

160, 

-21. 

13.7 

61.8 

0.576 

1.02 

1@9 

388 

1304, 

@7/17/96  20:00:0?  UNIT  182 
100  2035.  168.F  . 176. F 

1064, F 

52. 

-0.8 

’  24.6, 

158*.  • 

-21. 

&  13.7 

@62.6 

0,575 

0.90 

109 

447 

1305. 

@7/17/96  21:00:00  UNIT. 182 
I??  2037.  168. F  17$.F 

'1067. F'\ 

52.-: 

-0,1 

24,6 

y 

159. 

-21. 

,  13.7 

'62.6 

0.575 

0.90 

-109 

504 

1306, 

@7/17/96  22:0@':00  UNIT  182- 
1@0  2@7@.  168, F  175. F- 

1070. F 

52. 

-2.0 

25;  6 

161*1 

-2K 

& 

1  13.8  * 

61.0 

’0.578 

0,92 

109 

564 

iWJ. 

@7/17/96  23:@3;@@  UNIT  182 
1@@  2048.  168. F  177. F 

1070. F 

cn 

-2.1 

25.4 

161. 

-21. 

13.7 

61.9 

0.576  . 

0.96 

109 

623 

,  T.-in 
i-JY-'C , 

07/17/96  23:21:41  UNIT  ^2 
100  2064,  167.F  176.F 

1070. F 

52. 

-7,0 

25.4 

161. 

„71 

•  13.7 

61.3 

0.577  * 

0,96 

109 

645 

1308. 

07/18/96 m-Mik  UNIT  182 
10@  2@74.  ,167. F  176. F 

1070, F 

52. 

.“2.0 

25.4 

*161. 

“21. 

13.7 

62.5 

0.576 

0.97 

1@9 

684 

1307. 

@7/18/96  01:00:80  UNJT  182 
18@  2869.  167. F  .  175.F 

1072.F 

52/ 

-1.5* 

25,5 

161. 

n* 

a 

13,8 

61.4 

0.577 

0,96 

109 

744 

1310. 

07/18/96  @2; 00; 00  UNIT .182 
100  .2046.  167, F  174. F 

1074, F  . 

57’ 

I 

-0.7 

25.1 

16@. 

-21. 

'  13.8 

59.6 

0.581 

0.93 

109 

805 

1311, 

07/18/96  03:00 e 00  UNIT  132 
100  2041.  168. F-  175, F 

1032.F 

■_'il  1 

-0,6 

25.6 

162. 

•  -21. 

13.7 

62.8 

0.574 

0.96 

109 

864 

1312. 

07/18/96  04:00:00  UNIT  102. 
100.  2064,  168, F  175.  F 

1078. F 

52, 

-0,7 

25.3 

161.  , 

£.i  a 

13,7 

60,4 

0.579 

0.96 

107 

925 

1313, 

07/18/96  .05:00:00  UNIT  182 
100  2083.  :  167. F  173. F 

1075. F 

52, 

-i.2 

nc  T 

J 1 1 J 

161. ' 

-21, 

13.8 

□0.6 

0.579 

0,98 

109 

987 

1314. 

07/18/96  06:00:00  UNIT  182 
100  2023.  167. F  174. F 

1076, F 

cn 

1  i! 

-1.7 

25,2 

160. 

-21. 

13.7 

61.5 

0.577 

0.91 

.  110 

46 

1315, 

07/18/96  06:42:54  UNIT  182 
100  1932.  168, F  175. F 

1072, F 

52, 

,.*T 

22,6 

151, 

-19. 

13.7 

&6,-j 

@,567 

0,78 

110 

86 

1316. 

07/18/96  06:44:00  UNIT  102 
100  1368.  170.F  174, F 

1055, F 

52. 

-0,6 

20.4 

110. 

-17, 

13,6 

99,9 

0 . 500 

0,00 

110 

87 

1316, 

07/18/96  06:44:33  UNIT  182 
i  ”0  1  -2f  Qv ,  1  /  0  ,  F  1  /  j  ,  r 

1047, F 

cn 

.JjL  t 

-0.6 

7£i  4 

103, 

A  ■? 

“1/  , 

<7  T 

lOW 

99,9 

0.500 

0 . 00 

110 

87 

1316. 

07/18/96  06:45:05  UNIT  182 
100  1368,  168. F  172.F 

1017. F 

52. 

-0,8 

20,4 

103. 

-17, 

13.7 

99.9 

0.500 

0.00 

110 

87 

1316. 

07/18/96  06:45:47  UNIT  182 
100  1348.  168. F  170, F 

990,  F 

52. 

“i  *  A 

20 1 4 

103. 

<  rt 

"1/  , 

13.6 

99.9 

0.500 

0.00 

110 

87 

1316. 

07/18/96  06:46:29  UNIT  182 

j0i/i  1T7Q  <£.4  r  i  7{”  p 

975.  F 

zn 

-1,3 

70  4 

4  j".-T 
ivJl 

-17, 

13.6 

99.9 

0 , 500 

0.00 

110 

87 

1316, 

07/18/96  06:47:07  UNIT  182 
100  1442.  165, F  169.F 

964.  F 

5? 

-1.5 

20.4 

113. 

-17. 

13,4 

99,9 

0.500 

0,00 

110 

87 

1316, 

07/18/96  06:48:44  UNIT  182 
100  1389,  165, F  163.F 

10@2. F 

52, 

10.2 

19,4 

116. 

-17, 

13.7 

65,2 

0.570 

0.00 

110 

87 

1316. 

07/18/96  06:49:31  UNIT  182 
100  1521,  166, F  168, F 

1001 »F 

52, 

15,4 

17.5 

28. 

-15. 

13.7 

63.1 

0.574 

A  ( 

110 

qn 

1316, 

07/18/96  06:53:11  UNIT  182 

Vi/iQt  US,  P  174  p 

*  •••  v  *. v .  iGv.i  *  /  i  ■  r 

865,  F 

C” 

-Ji.  a 

TT  / 

ALw‘  ,  G 

-0.3 

0. 

_  <  c 

<7  1 

low 

flQ  *7 

0,601 

2,28 

110 

96 

1316. 

INC, 


MODEL  V3  S/N  182 

SCDMTT  Kin 


•  ENGINE  TENPERATL 

]RE 

OIL 

P0SI 

1 1  DNS 

wEL 

l  FLOW 

BATTERY 

DUTY 

PERCENT 

AUX 

ILIARY 

FUEL 

ENblNE 

RPM  COOLANT  OIL 

EXHAUS 

r  psi 

GARB. 

BYPASS 

CFH-VAC.H2Q 

VOLTS 

CYCLE 

0XY8EN 

CFM  THQUSflNDS-UNITS 

HOURS 

07/18/96  07:00:00  UNIT  182 
100  2142,  168, F  175. F 

1083. F 

52. 

5.2 

26.4 

15?. 

-21. 

13,8 

61.5 

0.577 

0.98 

110 

103 

1316. 

07/18/96  08:00:00  UNIT  182 
100  2047,  170 .F  180, F 

10S9.F 

c? 

-2.4 

27,5 

167. 

-20, 

13.6 

64.2 

0,572 

0.91 

110 

163 

07/18/96  09:00:00  UNIT  182 
100  2045,  169, F  177, F 

1000.  F 

52, 

-2.3 

27.5 

168. 

-21. 

13.8 

62.9 

0.574 

0.85 

110 

218 

1310. 

07/18/96  10:00:00  UNIT  182 
100  2039.  171. F  179. F 

1089. F 

52. 

-2  9 

26.5 

171. 

i-L  , 

13,7 

64.0 

@.572 

0,38 

u@ 

273 

1319. 

07/18/96  11:00:00  UNIT  182 
100  2047,  182. F  108, F 

1093.  F 

52. 

-2.8 

28,1 

169. 

-20. 

13.4 

67.5 

0.565 

0.85 

110 

THH 

uic 

1320, 

07/18/96  12:00:00  UNIT  182 
100  2050.  181. F  189. F 

1096.F 

52. 

-2.3 

20.0 

170, 

-20. 

13.4 

67.6 

0.565 

0.84 

110 

301 

1321. 

07/18/96  13:00:00  UNIT  182 
100  2043.  179, F  186.F 

1089, F 

52. 

_h  *t 

28,0 

170. 

HA 

“if. 

13,4 

66, e 

0,566 

0.85 

110 

434 

4  7HH 

07/18/96  14:00:00  UNIT  1S2 
100  2034.  180. F  1B8.F 

I089.F 

52. 

-2.3 

27,3 

170. 

-24. 

13.4 

69.6 

0.561 

0.S2 

110 

487 

1323. 

07/18/96  15:00:00  UNIT  182 
100  2047.  103. F  190.F 

1087, F 

cn 

. 

-1.9 

27.8 

169. 

HA 

if. 

i  vi .  -3 

69.7 

0.561 

0.82 

110 

54@ 

1324. 

07/18/96  15:08:32  UNIT  182 
100  1955.  106. F  190.F 

1002. F 

■Ji.« 

-LB 

24,9 

159. 

-26. 

17  1 
Iu.i. 

73.8 

0.552 

0,82 

110 

548 

1324. 

07/18/96  15:09:2@  UNIT  132 
100  1935.  186, F  190, F 

1077.F 

52. 

-1.0 

ha  n 
if  .0 

158. 

-26, 

1  ■-! » 

71.9 

0.556 

0.77 

11@ 

548 

1324, 

07/18/96  15:09:52  UNIT  182 
100  1947.  185. F  190. F 

1074. F 

52, 

-IS 

24,9 

157, 

-26. 

13,3 

71.8 

0.556 

0.73 

.110 

549 

1324. 

07/18/96  15:10:31  UNIT  182 
100  1810.  186. F  189.F 

1072, F 

52. 

-1.8 

21.4 

144. 

-25, 

13.2 

77,1  •  • 

,0.546 

0.00 

110 

549 

1324. 

07/18/96  15:11:01  UNIT  182 
10@  1411.  187.F  189. F 

1065. F 

52, 

-1.3 

21,4 

114. 

H7 

iu , 

13,3 

95.1 

0.510 

0.00 

410 

549 

1324. 

07/18/96  15:11:35  UNIT  182 
100  1511.  187. F  188, F 

1049. F 

52. 

-1.8 

21.3 

119. 

-24. 

13.3 

99.9 

0.500 

0.00 

110 

549 

1324. 

07/18/96  15:12:20  UNIT  182 
100  1492.  186, F'  187. F 

1031, F 

52. 

-1.8 

21.3 

123. 

-24. 

13.2 

99.4 

0.501 

0,00 

^  110 

549 

1324. 

07/18/96  15:12:52  UNIT  182 
100  '1617,  186. F  187, F 

1060. F 

52. 

-1,8 

21.3 

132, 

-25. 

13,3 

74,9 

0.550 

0.00 

110 

549 

1324. 

07/18/96  15:13:28  UNIT  182 
100  1635.  186.F  186, F 

1046. F 

52. 

.  -1.8' 

21.3 

134. 

-25, 

13.3 

*  74.0 

0.552 

0.00X 

110 

549 

1324. 

RESTART  AT:  07*18/96 

1 6 : 06 

s  09. 

<07/18/96 

15:«L3 

s  36 ) 

,8324 

5  V2 

B*  ** 

07/18/96  16:06s  12  LIMIT  110  B.ATTERY  0.0  LOW ■  BATT .  VOLT  ALARM 

©7/13/96  16:06:12  LIMIT  414  ENS .  TMR  OVRNG  .ENGINE  FAILED  ALARM 
07/13/96  16:06:12  UNIT  182 

17?.F  135.F.  200.  F  61.  -25’.  0  -25.0 


10@’  i 

07/18/96  16:06*23  UN.IT0 
m  :  19,  173, F  135. F 

07/18/96  16:06:50  UNIJ.1B2 
100  B.  173,  F  1S5.F 

07/18/96  16:07:18  .UNIT  182 
100  3,;,  173.F  135.  F 

07/18/96  16:07:56  UNIT  182  ; 

100  8.  172. F  135, F 

07/18/96  16: 09: i8  UNIT  182  , 

100  *  8,'*  171  .F  134.F  ' 

07/18/96  16:10:17  UNIT  182- 
*100  *  8,  •  171,  F  134, F 

07/18/96^6:10:47  UNIT  1S2 
.  1:100  8,  ;17i,F  133.F  .  183. F  0.  23.6 


UNIT  18 
UNIT  IS 


0,-  -398. 


1  «.# 


0.1  @.700  0J0  110  549  1324. 


200 if 

0. 

-1.8 

20.6 

0/' 

•-21.*,  12.3- 

9  J 

0.681 

0.00 

110 

549 

1324. 

198.F 

0.8 

18.7 

0.  ' 

• 

-21.. ^  12.4 

» 

4018 

0.618 

0.00 

110 

549 

1324. 

ms* 

0. 

..  .  5,3 

16.8 

0/ 

-21. 

12.4 

79.7; 

0i  50.0 

■ ,  %  •  * 
V '  ^ 

e.ee 

lift 

549 

1324. 

194.  F 

0.; 

11.6  - 

i 

14.0 

0. 

-21. 

12.4 

99.9* 

0.500 

0.00  ' 

110 

549. 

0324. 

189.F 

23,5 

0. 

-21. 

>  12.5 

99,9 

0.500 

*  0.00 

110 

549 

L24.# 

185,  F 

0. 

#  23.6 

4.6  - 

>:•  0, 

-21. 

12,5 

99.9  ^ > 

$5M 

0.00 

110 

5* 

1524/ 

2.7 


i£fLTMTJ-.«7/18^l6.11.49  ^07/lg/?6  16 : 1  ^ 24 >  ,S5245  02.23 


-21.  12.5 


11® 


549  i324. 

% 


IN  IN 


V . R . SYSTEMS  INC, 

tNSI?£  TEKPERATUPP 

rpm  rnm  amt  nTv  ‘z 

'  CD0Lflf"  CIl  exhaust 

•'.'14/96  2#;@0;g(?  i^tt  is? 

@0  2071,  177  r' 

,  "*  185. F  ffifi?  r 

7/ULfQL  n*  . a.'.  ....  *  •  -h 

/  4 .  /  75  il ;  Mij  •  (JMJT  1 

■'  2®24<  175.F  1S3?F  999  F 

7/14/96  22:0@;00  UNIT  182 

2069.  trr  5  I 

igi.F  995.F 

/ / 1 4/96  23 2 60; 00  UNIT  IS"- 

173, F  101  ,p  99c  r 
'/i5/96  00:00:06  ijjjj  jg-  '  * 

A  2035.  171, F  179,"  IM1  r 

jumniNiWMi  m 


MODEL  V3  S/M  187 
PERMIT  NO. 


OIL  POSITIONS 


RSI 

CARD. 

BYPASS 

52. 

-6,4 

2@.l 

52. 

-6,4 

19.6 

52. 

-0,4 

19.4 

52. 

-6.4 

19.6 

52. 

Mi 

-0.4 

4il 

20.1 

s$ii 

kcll  FLOW 
CFM-VAC.H2Q 

BATTER' 

VOLTS 

138.  -21. 

13.5 

135.  -21i 

23.6 

135.  -21, 

13.7 

135.  -21. 

13.6 

58.5 

0.583 

n 

*»6i 

53.9 

0.532 

i*5*f 

54.4 

3.591 

2.59 

58.6 

0.583 

2.64 

165 

185 

1270 

105 

345 

1271 

105 

505 

1272, 

105 

665 

2273 

138. 


-21.  1?  L 

*"ia  A-_',D 


»«■  ^  ii«f  Mil  ^ 


•'I®  iiM  ill 


127^4 


ill  ilifi 


/ 


67/15/96  06:40:54  UNIT  182 


10®  2@46.  169. F  178. F 
@7/15/96  07:00:00  UNIT  182 

949. F 

52. 

! -0.6  *• 

17,0 

160  2059.  176.F  179, F 

07/15/96  67:19:26  UNIT  182 

»■  949.  F 

52, 

, '  -0.6  . 

17,0 

t' 

100  1992,  169. F  179. F 
07/15/96  §7:20:13  UNIT  182 

928.  F 

EH 

« 

-0,6 

13,2 

100  1998.  169, F  178, F 
07/15/96  07:26:46  UNIT  182 

-912. F 

52. 

1.6 

11.5 

100  1916.  169. F  •  178.F 

07/15/96  @7:21:04  UNIT  102 

903,  F 

52. 

'•  0.6 

10.S 

100  1830,  169. F  178. F 

67/15/96  07:22:33  UNIX  182 

9@3.  F 

5  % 

-@.4 

9.6 

100  1503.;  171. F  177. F 
07/15/96  08:@0:00  UNIT  182 

863.  F 

52. 

11,2 

7.5 

100  1351.  168.F  175. F 

07/15/96  08:50*28  UNIT  132 

340.  F 

52, 

19.5 

-0.4’  - 

100  1826,  18@.,  F  183, F 

^07/ 15/96  09:00:00  UNIT  132 
*  100  toil.  179. F  184. F 

07/15/96  09:30:28  UNIX  182 

832. F 

52. 

19.5 

-0.5 

336.  F 

52. 

19.4 

r  • 

-0.5 

100  1795.  182. F  189.  F 

930, F 

52, 

-®.5 

11.8 

07/15/96.09:31:20  UNIT  132 

/ 

100  1778,  182. F  188. F 

•  07/15/96  09:32:36  UNIT  132 

907.  F 

52. 

0.6 

10.5 

100  1826.  403, F  187.F 

07/15/96  09:37:17  UNIT  182 

.  093. F 

52.' 

•  i  ■  •> 

j,  ■  8.3.. 

5,4 

100  2109.  179, F;  186. F 

„912,F 

52. 

:i9.2  . 

0,8 

07/15/96  09:59:51  UNIT  132 

100  1839,  183. F  1904 F 

'  '940/  ; 

T  52. 

-0.3 

12.6  4 

07/15/96  10:00:@0  UNIT  182 

■v 

100  1786.  183, F  190, F 

935.  F 

52, 

-0.S 

12.5 

$7/15/96  IiM  IT  1R7 


123, 

-20. 

;  1  j 

-'13.7 

59.3-v 

-  0.581 

2,46 

106 

QH^i 

1281. 

123. 

;  -i9. 

13.6 

53.8 

0.532 

2.47 

106 

950 

1231. 

110. 

-18, 

13.6 

61.2 

0.578 

2.5$ 

106 

999 

1282. 

102. 

-18. 

13.7 

60.3 

0.578 

2.48 

107 

1 

1282. 

100.’ 

-18. 

13.7 

62.5 

0.575 

2.47 

107 

0 

1282. 

96. 

-18,  ) 

•-  13,7 

61.5 

0.577 

2.39 

107 

3 

'  1282. 

25. 

-16, 

13.6 

64.2 

0.572' 

1.95 

V  W 

6 

1282. 

0. 

-17. 

13.6 

61.5 

0.577 

2,25 

107  • 

93 

"  1282. 

0. 

-17. 

1.3.5 

”  63.3:' 

■'  0.573 

2.21 

107 

{227 

1283. 

0. 

-17. 

13.5 

62.7 

e;575  - 

2.19 

107 

230, 

1283. 

i04. 

-  -IS.  - 

13.4 

65?f 

0.569 

2,27 

'107  ’ 

304 

1284, 

93  .  :  ’ 

-18. 

13.4 

'  63,2 ! 

0.574 

.  2.03 

1@7. 

.306 

1284. 

69.  ; 

'fr 

-17. 

13.4 

.  63.-4 

0.573 

2.07  f 

107 

309  ' 

1  v  1284. 

48, 

-17. 

13.4  : 

/  ‘p  ■'  # 

61.5  ' 

‘0:577  V 

2.25 

107 

32@ 

1284. 

107.:  t 

.  *> 

-16. 

13.4 

64.9 

0.570 

2.34 

107 

‘  377 

1284. 

108, 

-18. 

13.4 

66.4 

0.567 

•“!  ns 

107 

378 

1284. 

APPENDIX  C 


SYSTEM  CHECKLIST 


APPENDIX  D 


DATA  SHEETS  FROM  THE  SHORT-TERM  PILOT  TEST 


Baildown  Test  Record  Sheet 


Site:  (AFg>  Go  . 

Well  Identification:  yruo  -  3Z, _ 

Well  Diameter  (OD/ID):  A  XT) _ 

Date  at  Start  of  Teat:  7 A/W _  Sampler's  Initials: 

Time  at  Start  of  Test:  _ 

Initial  Readings 


Depth  to 

Groundwater  (ft)  _ 

Depth  to  LNAPL 
(ft) 

LNAPL 
Thickness  (ft) 

Total  Volume 
Bailed  (L 

Jz4Jo 

/t?Z- 

I'&Z 

Test  Data 


Sample 

Collection 

Time 

Depth  to 
Groundwater 

(ft) 

Depth  to 
LNAPL 
(ft) 

LNAPL 

Thickness 

(ft) 

/Z&  5 

J  Z3  <  o 

/ZZ^3 

O.CT) 

iZa^ 

/Z3J  5 

fZZ-~L3 

/ZZ/ 

/ Z3 -  Z 

/  22  .,  l£ 

c o.4S 

tZ*>J8 

/  Z  2. ~7  4 

Or  44 

J4f  /3 

JZ3J.5 

izz.no 

£>4$ 

Zooo 

/ZZ+L  7 

o-4  8 

BAILDOWN. RS  (G462201-I001  DISK) 


Bioslurping  Pilot  Test 
(Data  Sheet  3B) 

Fuel  and  Water  Recover}'  Data 


Page _ of 


Site:  l  WS  Z T est  Typer~^>^.\^v.-^»t  x _ 

State  Date  and  Time:  Operators: 


Date/Time 

Run 

Time 

LNAPL  Recovery 
(volume  collected  in  time  period) 

Groundwater  Recovery 
(volume  collected  in  time  period) 

?  Z  *  v.’O 

© 

Zr 

a- 

1)  .\No  ^vvn 

1.1 

Ac  V-  |  irvAA-w 

•  L  ■ 

k.'S. 

S  L  |  A  yyv'-A^->. 

%  CVM. 

r\X 

^  L  1  <[ 

y£  30  <\*vw 

a .  5 

^i^Z^j£iLcru!2^  -Vo  ~X  (L 

<5V  Z  "A-.-ix: 

\t.S 

,-ol ^fcSeo3o_e5s 

°V  •  NO(W^ 

vs  .H 

L-  l  ^  AVUAs 

A  \"2>o  0J*\ 

wx 

Cc.Su/  2 

\  CUtfVN 

\SA> 

Lc .  S  u  /  M 

\  ^  >  SSvXV'A- 

\*a 

L-.  l  \g  /y\A^v-*. 

\  A  Cu^\ 

ZWZ> 

A  L  |  S  AVOOvs 

\  \  *  ^ 

Zb  ,S 

T  ,7.  1  S  /vwow. 

\1  ■  \ 

z\  ,S 

,  Su  /  Z.S  /^v 

zi  °y 

V  j  5>  /yvvA^-v. 

"5 

~l  >  ^  L  /  5 

'  t>  ■  ^  ^ 

~t©Xu2 

2-U 

,v 

'S  .  ”A  U  ]  ^  /VVA^V'* 

<A  4S 

Z$,S 

A  L-  I  Z 

S' ^ 

2-© 

^  .  Z  L  ^  2.  /y^-'V^ 

S.4S 

Zt,  .S 

A  *—  (  l  ^  /yvXa^vv 

r  s  >\s 

1^©CX^ler\>Jnfs  ©=>  d-Lev. 

— \s-  6  .  'I  "  oCur>p  ”tbX>€. 

[ Q  *■  ^ 

z^.S 

U  '. 

Zv,.^ 

\ 

Z  M  *—  /  H  /rVOOVX 

Bioslurping  Pilot  Test 
(Data  Sheet  3B) 

Fuel  and  Water  Recovery  Data  Page  _cX.  of 

% 

Site:  C 5^a_  V\  ~2-  Test  Type:  _ _ 

State  Date  and  Time:  - AV-  ^  2 '  Operators:  A-  Vfec^L. 


Run 

Date/Time  Time 

;  AS  °1U  ^ 


'Z\'.'SO 

% 


C>y*>7. 


LNAPL  Recovery 
(volume  collected  in  time  period) 


n.i- 


~-\  v-cS";jCUa  \ ytj, 

_ Z-^.S 

ZC\  .‘O 

^  vi  to  3cJ .  \ 

\\  •  ^i^5cuiv\  %~L 
a/W-'S^o-v^  3>\.^ 

S2,~Z- 

\  •  ZjD 


l2^_ 

"zX.icS 


^^ocx^^\>^rvv. 


L^~wk 


Groundwater  Recovery 
(volume  collected  in  time  period) 

~Z  .  \  L  j  -\ 

_ ^  ^  /  M  /y>v^^ _ 

V  .  L  I  \ 


u/  S 

\  ,  M  ^  L.  /  5  ]fWvi^\ 

\  /Yv^*^y\ _ 

z  .fc/S  iZ±  I  /)vwvn 
\  ■  Z  ^  *txA.X.fc< 

^  -  ^  L/  Z  /yvwvN 

Ko.^j  L.  j  \,%/\ ty>jCv\ _ 

7  A  L  /  H  /wu,^ 


Bioslurping  Pilot  Test 
(Data  Sheet  3B) 

Fuel  and  Water  Recovery  Data 


Page  1  of  1 


Date/Time 


7/17/96 
3:11  pm 


4:10  pm 


5:12  pm 


5:20  pm  1.12  h 


Run  LNAPL  Recovery 

Time  (volume  collected  in  time  period) 


7/18/96 

12  am 


7/19/96 


7/20/96 


40.8  h 


10  am 


10:08  am  63.9  h 


5:16  pm  71.1  h 


7/21/96 


85.8  h 


90.8  h 


Groundwater  Recovery 
(volume  collected  in  time  period) 


Shutdown  for  1  hour  -  high  water  T 


Restarted 


4.79  h 


7.79  h 


7:23  am  15.2  h 


6:25  pm  26.2  h 


5.2  gallons 


1.5  gallons 


0.7  gallons 


3.3  gallons 


8.1  gallons 


2.4  gallons 


Shutdown  -  out  of  fuel 


Restarted 


7.7  gallons 


3.3  gallons 


3.4  gallons 


1.2  gallons 


3  L/min  (all  tap  water) 


8  L/2.35  min 


8  L/2.37  min 


8  L/2.41  min 


6  L/2.13  min 


6  L/2.12  min 


6  L/2.07  min 


6  L/2.15  min 


6  L/2.52  min 


6  L/2.43  min 


APPENDIX  E 


LABORATORY  ANALYTICAL  REPORTS 


@  AIR  TOXICS  LTD. 

AN  ENVIRONMENTAL  ANALYTICAL  LABORATORY 

WORK  ORDER#:  9607217 

Work  Order  Summary 

CLIENT:  Ms.  Amanda  Bush  BILL  TO:  Same 

Battelle  Memorial  Institute 
505  King  Avenue 
Columbus,  OH  43201-2693 


PHONE: 

FAX: 

DATE  RECEIVED: 
DATE  COMPLETED: 

614-424-4996 

614-424-3667 

7/22/96 

7/30/96 

INVOICE#  11151 

P.O.#  91221 

PROJECT#  G462201-30D0301  George  AFB 
AMOUNTS:  $836.17 

RECEIPT 

FRACTION  # 

NAME 

TEST 

VAC./PRES. 

PRICE 

01A 

Seal  Tank  -  #1 

TO-3 

4.5  "Hg 

$120.00 

02A 

Seal  Tank  -  #2 

TO-3 

4.5  "Hg 

$120.00 

03A 

Seal  Tank  -  #3 

TO-3 

5.0  "Hg 

$120.00 

04A 

Seal  Tank  -  #4 

TO-3 

5.5  "Hg 

$120.00 

05A 

ICE  -  1 

TO-3 

7.0  "Hg 

$120.00 

06A 

ICE -2 

TO-3 

7.0  "Hg 

$120.00 

07A 

Lab  Blank 

TO-3 

NA 

NC 

Misc.  Charges 

1  Liter  Summa  Canister  Preparation  (6)  @  $15.00  each. 

Shipping  (7/3/96) 

$90.00 

$26.17 

CERTIFIED  DATE:  ^ 

Laboratory  Director  ' 


180  BLUE  RAVINE  ROAD,  SUITE  B  •  FOLSOM,  CA  95630 
(916)985-1000  •  FAX  (916)  985-1020 

Page  1 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  Seal  Tank  -#1 
ID#:  9607217-01A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


File  Name: 
Dil.  Factor: 


6072511 

23800 

Det.  Limit 


Date  of  Collection:  7/15/96 
Date  of  Analysis:  7/25/96 
Det.  Limit  Amount  Amount 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

24 

77 

1400 

4500 

Toluene 

24 

91 

2200 

8400 

Ethyl  Benzene 

24 

110 

860 

3800 

Total  Xylenes 

24 

110 

2200  M 

9700  M 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 


(Quantitated  as  Jet  Fuel) 

File  Name:  6072511 

Date  of  Collection: 

7/15/96 

Dil.  Factor:  23800 

Date  of  Analysis:  7/25/96 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C5+  Hydrocarbons) 

240 

1600 

72000 

470000 

C2  -  C4**  Hydrocarbons 

240 

440 

10000 

18000 

*TPH  referenced  to  Jet  Fuel  (MW=156) 

**C2  -  C4  Hydrocarbons  referenced  to  Propane  (MW=44) 


M  =  Reported  value  may  be  biased  due  to  apparent  matrix  interferences. 
Container  Type:  1  Liter  Summa  Canister 
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AIR  TOXICS  LTD. 

SAMPLE  NAME:  Seal  Tank- #2 
ID#:  9607217-02A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitatecfas  Jet  Fuel) 


File  Name:  6072512  Date  of  Collection:  7/15/96 

Dil.  Factor:  23800  Date  of  Analysis:  7/25/96 


Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C5+  Hydrocarbons) 

240 

1600 

140000 

910000 

C2  -  C4**  Hydrocarbons 

240 

440 

10000 

18000 

*TPH  referenced  to  Jet  Fuel  (MW=156) 

**C2  -  C4  Hydrocarbons  referenced  to  Propane  (MW=44) 


M  =  Reported  value  may  be  biased  due  to  apparent  matrix  interferences. 
Container  Type:  1  Liter  Summa  Canister 
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AIR  TOXICS  LTD. 

SAMPLE  NAME:  Seal  Tank  -  #3 
ID#:  96072 17-03 A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


File  Name: 

6072514 

Date  of  Collection 

:  7/19/96 

Djl.  Factor: 

121000 

: 

'  '  :;V;  ..■:v  ■ 

Date  of  Analysis: 

7/25/96 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

120 

390 

3800 

12000 

Toluene 

120 

460 

6000  M 

23000  M 

Ethyl  Benzene 

120 

530 

2200 

9700 

Total  Xylenes 

120 

530 

5000  M 

22000  M 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Jet  Fuel) 


File  Name: 

6072514 

Date  of  Collection 

:  7/19/96 

Dil.  Factor: 

121000 

Det.  Limit 

Det.  Limit 

Date  of  Analysis: 
Amount 

:7/25/96;:. 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C5+  Hydrocarbons) 

1200 

7800 

110000 

710000 

C2  -  C4**  Hydrocarbons 

1200 

2200 

50000 

91000 

*TPH  referenced  to  Jet  Fuel  (MW=156) 

**C2  -  C4  Hydrocarbons  referenced  to  Propane  (MW=44) 


M  =  Reported  value  may  be  biased  due  to  apparent  matrix  interferences. 
Container  Type:  1  Liter  Summa  Canister 


Page  4 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  Seal  Tank- #4 
ID#:  96072 17-04A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


File  Name: 
Dil.  Factor: 


6072515 

Date  of  Collection:  7/19/96 

124000 

Det.  Limit 

Det.  Limit 

Date  of  Analysis:  7/25/96 

Amount  Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

120 

390 

5100 

16000 

Toluene 

120 

460 

3500 

13000 

Ethyl  Benzene 

120 

530 

3000 

13000 

Total  Xylenes 

120 

530 

7200  M 

32000  M 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Jet  Fuel) 


File  Name: 

6072515 

Date  of  Collection 

:  7/19/96 

Dil.  Factor: 

124000 

Det.  Limit 

Det.  Limit 

Date  of  Analysis: 
Amount 

7/25/96 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C5+  Hydrocarbons) 

1200 

7800 

160000 

1000000 

C2  -  C4**  Hydrocarbons 

1200 

2200 

72000 

130000 

*TPH  referenced  to  Jet  Fuel  (MW=1 56) 

**C2  -  C4  Hydrocarbons  referenced  to  Propane  (MW=44) 


M  =  Reported  value  may  be  biased  due  to  apparent  matrix  interferences. 
Container  Type:  1  Liter  Summa  Canister 


Page  5 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  ICE  - 1 
ID#:  96072 17-05 A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


File  Name: 

6072516 

Date  of  Collection 

:  7/19/96 

Dil.  Factor: 

1320 

;  v  ■  V; 

Date  of  Analysis: 

7725/96 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

1.3 

4.3 

5.8 

19 

Toluene 

1.3 

5.1 

52 

200 

Ethyl  Benzene 

1.3 

5.8 

58 

260 

Total  Xylenes 

1.3 

5.8 

190  M 

840  M 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 


(Quantitated  as  Jet  Fuel) 

File  Name:  6072516 

Date  of  Collection 

:  7/19/96 

Dil.  Factor:  1320 

■  '■  V:/ '  >  ::: ; 

Date  of  Analysis: 

7/25/96 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C5+  Hydrocarbons) 

13 

86 

2600 

17000 

C2  -  C4**  Hydrocarbons 

13 

24 

Not  Detected 

Not  Detected 

*TPH  referenced  to  Jet  Fuel  (MW=1 56) 

**C2  -  C4  Hydrocarbons  referenced  to  Propane  (MW=44) 


M  =  Reported  value  may  be  biased  due  to  apparent  matrix  interferences. 
Container  Type:  1  Liter  Summa  Canister 
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AIR  TOXICS  LTD. 

SAMPLE  NAME:  ICE -2 
ID#:  96072 17-06A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


File  Name: 

6072520 

•  :  : ::: "  :  •  • :  '■  : 

Date  of  Collection 

:  7/19/96 

Dil.  Factor: 

13.2 

.  ;:::V  ;  ;  ;;  ; 

Date  of  Analysis: 

7/25/96 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

0.013 

0.043 

0.11 

0.36 

Toluene 

0.013 

0.051 

0.25  M 

0.96  M 

Ethyl  Benzene 

0.013 

0.058 

.  0.12 

0.53 

Total  Xylenes 

0.013 

0.058 

0.31  M 

1.4  M 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Jet  Fuel) 


File  Name: 
Dil.  Factor: 


6072520 

13.2 

Det.  Limit 


Date  of  Collection:  7/19/96 
Date  of  Analysis:  7/25/96 
Det.  Limit  Amount  Amount 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C5+  Hydrocarbons) 

0.13 

0.86 

13 

84 

C2  -  C4**  Hydrocarbons 

0.13 

0.24 

0.65 

1.2 

*TPH  referenced  to  Jet  Fuel  (MW=156) 

**C2  -  C4  Hydrocarbons  referenced  to  Propane  (MW=44)  ~ 


M  =  Reported  value  may  be  biased  due  to  apparent  matrix  interferences. 
Container  Type:  1  Liter  Summa  Canister 
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AIR  TOXICS  LTD. 

SAMPLE  NAME:  Lab  Blank 
ID#:  96072 17-07A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


File  Name: 

6072506 

Date  of  Collection 

:  NA 

Dil.  Factor: 

1.00 

SJI :  /'l ; 

.  v 

Date  of  Analysis: 

7/25/96 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

0.001 

0.003 

Not  Detected 

Not  Detected 

Toluene 

0.001 

0.004 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

0.001 

0.004 

Not  Detected 

Not  Detected 

Total  Xylenes 

0.001 

0.004 

Not  Detected 

Not  Detected 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Jet  Fuel) 


File  Name: 
Dii.  Factor: 


6072506 

1.00 

Det.  Limit 


Date  of  Collection:  NA 
Date  of  Analysis:  7/25/96 
Det.  Limit  Amount  Amount 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C5+  Hydrocarbons) 

0.010 

0.065 

Not  Detected 

Not  Detected 

C2  -  C4**  Hydrocarbons 

0.010 

0.018 

Not  Detected 

Not  Detected 

*TPH  referenced  to  Jet  Fuel  (MW=156) 

**C2  -  C4  Hydrocarbons  referenced  to  Propane  (MW=44) 


Container  Type:  NA 
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Alpha  Analytical,  Inc. 

255  Glendale  Avenue,  Suite  21 

Sparks.  Nevada  89431  e-mail:  alpha@powernet.net 

(702)  355-1044  http//w\vw.powernet.net/~alpha 

FAX:  702-355-0406 
1-800-283-1183 

ANALYTICAL  REPORT 


2505  Chandler  Avenue,  Suite  1 
Las  Vegas,  Nevada  89120 
(702)  498-3312 
FAX:  702-736-7523 
1-800-283-1183 


Battelle 
505  King  Ave 
Columbus  Ohio  43201 


Job#:  G462201-30D0301 
Phone:  (614)  424-6199 
Attn:  Jeff  Kittel 


Sampled:  07/19/96 
Matrix:  [  ]  Soil 

Analysis  Requested: 

Methodology: 


Received:  07/22/96  Analyzed:  08/02/96 

[  X  ]  Water  [  ]  Waste 

TPH  -  Total  Petroleum  Hydrocarbons -Purgeable 
Quantitated  As  Gasoline 
BTEX  -  Benzene, Toluene, Ethylbenzene, Xylenes 

TPH  -  Modified  8015/DHS  LUFT  Manual/BLS-191 
BTEX  -  Method  624/8240 


Results : 


Client  ID/ 

Lab  ID 

Parameter 

Concentration 

Detection 

Limit 

GW- 1 

TPH  (Purgeable) 

9.2 

2.50  mg/L 

/ BMI 072296-02 

Benzene 

560 

5 . 0  ug/L 

Toluene 

1600 

5 . 0  ug/L 

Ethylbenzene 

350 

5 . 0  ug/L 

Total  Xylenes 

2500 

5 . 0  ug/L 

GW- 2 

TPH  (Purgeable) 

8.4 

2.50  mg/L 

/BMI072296-03 

Benzene 

490 

5.0  ug/L 

Toluene 

1400 

5 . 0  ug/L 

Ethylbenzene 

320 

5 . 0  ug/L 

Total  Xylenes 

2300 

5 . 0  ug/L 

ND  -  Not  Detected 
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Alpha  Analytical,  Inc. 

255  Glendale  Avenue,  Suite  21 
Sparks,  Nevada  89431 
(702)  355-1044 
FAX:  702-355-0406 
1-800-283-1183 


e-mail:  alpha@powernet.net 
htt.p//www.powernot.net/-alpha 


ANALYTICAL  RFPOttT 


2505  Chandler  Avenue,  Suite  1 
Las  Ve^as,  Nevada  89120 
(702)  498-3312 
FAX:  702-736-7523 
1-800-283-1183 


Battelle 
505  King  Ave 
Columbus  Ohio  43201 


Job#:  G462201-30D0301 
Phone:  (614)  424-6199 
Attn:  A1  Pollack 


Alpha  Analytical  Number:  BMI072296-01 


Client  I.D.  Number:  OF-1 


Date  Sampled:  07/19/96 


Date  Received:  07/22/96 


,  \  \  .■->  i vV;*. :<«•  •*.<  <•>>»? 

1  ■  ’!  • : * vivxjwjx^iv : ’  *; 

:  jiaxaiavavX-x*, •>:•>: 

;|:^by^dV: 

Benzene 

8240 

ND 

193 

07/31/96 

Toluene 

8240 

3,800 

193 

07/31/96 

Total  Xylenes 

8240 

3,100 

193 

07/31/96 

Ethylbenene 

8240 

22,000 

193 

07/31/96 

HIM 

'  *?  V  *‘y*  y  ‘ J 

^V.VAv!vlS»S:^^XMeVAVe 

W«M*X->M-v:vA*4v!<.yoM.K»V 

|:X>fPeicen^gp3C;;f 

*  w  •  n  •  •*  v-  w  v:  v *  v  x»x  ❖  >:•:«  **•<  :<  *■.:  7.s.Z  £  *T:  v:  ■:*>:•  ■ 

WM0M 

|,;A||aIy25ed::-: 

GC/FID 

17.53 

NA 

11/05/96 

C9 

GC/FID 

17.18 

NA 

11/05/96 

CIO 

GC/FID 

19.32 

NA 

11/05/96 

Cll 

GC/FID 

16.81 

NA 

11/05/96 

C12 

GC/FID 

13.89 

NA 

11/05/96 

C13 

GC/FID 

8.75 

NA 

11/05/96 

C14 

GC/FID 

4.32 

NA 

11/05/96 

C15 

GC/FID 

1.41 

NA 

11/05/96 

>C16 

GC/FID 

NA 

11/05/96 

.  7  ns  yi  si 


Alpha  Analytical,  Inc. 

255  Glendale  Avenue.  Suite  21 
Sparks.  Nevada  8943 1 
(702) 355-1044 
RAX:  702-355-0406 
1-800-283-1183 


e-mail:  alpha@powernet.net 
http//wwTw.powernet.net/~alpha 


2505  Chandler  A\  •pinic.  Sum1  1 
Las  Vegas,  Nevada  69120 
(702 1  498-3o  12 
FAX:  702-736-7522 
1-8Q0-2S3-1185 


ANALYTICAL  REPORT 


Battelle 

505  King  Ave 

Columbus  Ohio  43201 


Alpha  Analytical  Number:  BMI072296-01 
Date  Sampled:  07/19/96 


Job#:  G462201-30D0301 
Phone:  (614)  424-6199 
Attn:  A1  Pollack 


Client  I.D.  Number:  GF-1 
Date  Received:  07/22/96 


Compound 

Method 

Concentration 

:,4  . . mg/KgS 

Detection  Limit 
mg/Kg 

Date 

Analyzed 

Benzene 

8240 

ND 

193 

07/31/96 

Toluene 

8240 

3,800 

193 

07/31/96 

Total  Xylenes 

8240 

3,100 

193 

07/31/96 

Ethylbenene 

8240 

22,000 

193 

07/31/96 

C-range 

Compounds 

Method 

m'.:-  -Percentage  .. 

■  ofTotal 

Detection  Limit 
(Not  Applicable) 

Date 

Analyzed 

<C08 

GC/FID 

17.53 

NA 

11/05/96 

C9 

GC/FID 

17.18 

NA 

11/05/96 

CIO 

GC/FID 

19.32 

NA 

11/05/96 

Cll 

GC/FID 

16.81 

NA 

11/05/96 

C12 

GC/FID 

13.89 

NA 

11/05/96 

C13 

GC/FID 

8.75 

NA 

11/05/96 

C14 

GC/FID 

4.32 

NA 

11/05/96 

C15 

GC/FID 

1.41 

NA 

11/05/96 

>C16 

GC/FID 

0.80 

NA 

11/05/96 

I 


IBS 
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Alpha  Analytical,  Inc, 

255  Glendale  Avenue,  Suite  21 
Sparks,  Nevada  89431 
(702)  355-1044 


1-800-283-1183 


e-mail:  alpha@powernet.net 
http//ww\v.powernet.net/-alpha 


2505  Chandler  Avenue,  Suite  1 
Las  Vegas,  Nevada  89120 
(702)498-3312 
FAX:  702-736-7523 
1-800-283-1184 


Battelle 
505  King  Ave 
Columbus  Ohio  43201 


Job#s  G462201-30D0301 
phone :  (614)  424-6199 
Attn:  Jeff  Kittel 


Sampled:  07/19/96  Received:  07/22/96  Analyzed:  07/31/96 

Matrix:  [  X  ]  Soil  [  1  Water  (  1  Waste 

Analysis  Requested:  TPH  -  Total  Petroleum  Hydrocarbons -Purgeable 

Quantitated  As  Gasoline 

BTEX  -  Benzene, Toluene, Ethylbenzene, Xylenes 


Methodology: 


TPH  -  Modified  8015/DHS  LUFT  Manual/BLS  191 
BTEX  -  Method  624/8240 


Results : 

Client  ID/ 

Lab  ID 

GF-1 

/BMI 072296 -01 


Parameter 

TPH  (Purgeable) 
Benzene 
Toluene 
Et hy Ibenz ene 
Total  Xylenes 


Concentration 

780,000 

ND 

3,800 

3,100 

22,000 


Detection 

Limit 

97,000  mg/Kg 
193,000  ug/Kg 
193,000  ug/Kg 
193,000  ug/Kg 
193,000  ug/Kg 


ND  -  Not  Detected 


^  r 

r  ^  r 
ft  ^ 


Approved  by: 


y  > 

Roger  Scholl,  Ph,57 
Laboratory  Director 


Date: 


*7//?S 


APPENDIX  F 


SOIL  GAS  PERMEABILITY  TEST  RESULTS 


Record  Sheet  for  Air  Permeability  Test 


Site  ,C-)EVh2<5E  Ah& 


Blower  Type  /Z>  //E  J&OSmtePe^ 


Depth  of  Point  90  - 

/C£>  '-/id 

/ 

1 

Time 

®  MPT 

/odb&Z 

/^MP3 

~o- 

40 

<  0 

.  so 

/  Mttf 

<  6 

KO 

-vTO 

Z  iri/io 

<0 

<0 

.  ?s 

fO  mm/ 

^  6 

A  2  S' 

2%  hi//J 

<  a 

<-Q 

/.  SZ> 

ST  fyyn/ 

<  /> 

z.  oo 

C  <5 

2.06 

/OEO 

*37 

*  ^  Ip 

?.oo 

-  o 

-o 

3.oo 

Monitoring  Point  % 


Distance  from  Vent  Well 


Recorded  by 


AIRPERM.RS  (G46220I-1001  DISK) 


Record  Sheet  for  Air  Permeability  Test 


Site  &ED P&jE  APB 


Blower  Type  10  HP  BtC&Ll&PEbZ 


Depth  of  Point  SO'  —  /Ob'  —  /  3  b 1 


/o 

-D  - 


3 


3  .**•** 


u> 


7 


8 


30/*"~ 


6c  **■  ^ 


i6ce 
}?  o  ^ 


bz<=> 


35 


^MPl 

ItoMSl 

/&5MP3 

<±> 

-o 

-o 

'  O 

-  a 

-  o 

-C 

~o 

-  a 

-  o 

-  o 

~  o 

-  c 

-o 

-<5 

-o 

Monitoring  Point  n\tO  - 


Distance  from  Vent  Well 


Recorded  by  M  ^eo  .c- 


-o 

-c 

.32 

-  o 

-  c 

•  32 

-  O 

-<5 

.36 

O 

.<2. 

‘27 

1.0 

-  o 

-o 

o,o8 

A1RPERM.RS  (G462201-1001  DISK) 


APPENDIX  G 


IN  SITU  RESPIRATION  TEST  RESULTS 


Si(c  (Leo*Q£L  /4ir3_ _ _  lVfoiiitoring  Point 

Shutdown  Date  # y. - /? -  Q ^  02/C02  Meter  No.  TPI1  Meter  No  6rt®Te--w 

— — - - — - — - — - - - _ - ___1_ _ * _ QiT  I 

Shutdown  Time  /-5S&  _  Recorded  by 


1NSITU.RS  (G46220I DISK) 


_ e  A F'f3 _ _ _  Monitoring  Point  Pluj  9  6' 

SlmldQ'v,,  Dale  Q?  -/9-9^ _  lyC02  Mater  N.,  |  TPI1  Meter  No. 

Sln.ld.rn.  Time  ,S3Q  .  |  Recorded  by  ~ 


INSITU.RS  (G46220I-1(H)|  DISK) 


INSITU.RS  (G46220I  - 1  CM)  1  DISK) 


